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PULPS

Summary

Very litile information is available on the metabolic and
foxicologic aspects of pulps. Those studies which have been performed
have been primariiy concerned with the utilization of pulps for the
feeding of livestock and with bagassosis.

Ferguson (12), in an investigation of the digestibility of
whea? straw and wheat-straw pulp, determined that the treatment of
wheat straw with NaOH increased its digestibility by sheep.

On the basis of 175-day feeding trials with 8 first-lactation
Holstein cows, Ronning and Bath (38) concluded that dried beet pulp
is fully equal to barley in the replacement of approximately 25% of
The energy of a basal ration consisting of 70% alfalfa hay and 30%
barley.

Khan et al. (27) conducted a 2 x 2 factorial experiment (133
days) to compare the efficiency of various percentages of rice straw,
bagasse pulp, molasses, rice bran, cotton seed cake and rapeseed
(toria) oil cake in the fattening of 12 old bullocks. No statistical ly
significant differences were observed among the rations, all of
which proved satisfactory in the fattening of the animals (27).

Bagassosis is a respiratory disease resulting from the inhalation
of dust from dried bagasse (24, 32, 50). However, this affliction
does not result from the bagasse fiber itself but is caused by some
living matter attached to the bagasse (14, 15).



PULPS

Chemical Information

I. Nomenclature
A. Common Names

1. Pulps
2. Bagasse

B. Chemical Name
None
C. Trade Name
None
D. Chemical Abstracts Registry Number

None Available

Il. Empirical Formula

Not Applicable

111, Structural Formulia

Not Applicable

IV, Molecular Weight

Not Applicable

V. Specification

None

VI. Description
A. General Characteristics

Bagasse consists of the crushed remnants of sugarcane stalks
from which the sugar-containing juices have been extracted. I+
varies in color but is generally a dirty-gray yellow to pale green.
It 1s bulky and quite nonuniform in particle size. Physically,
bagasse is composed of two distinct celliular constituents: the
thick-walled, relatively long, fibrous fraction derived primarily
from the rind and to a lesser degree from the fibrovascular bundles



dispersed throughout the interior of the stalk, and a second pithy
fraction derived from the delicate, thin-walled cells of the ground
tissue or parenchyma of the stalk. The usual composition of bagasse
from the mill is about 45% insoluble solids or crude fiber, 6% soluble
solids, and the remainder moisture. The approximate compositions of
Hawaiian whole bagasse, the fiber fraction, and the pith fraction are
given in Table 1 found on the following page (26).

Four carbohydrates make up about 76% of the dry weight of
beet pulp in essentially the following proportions: galactan, 6%;
araban 20%; cellulose, 25%; and pectin, 25%. Protein, ash, acetyl,
and other constituents make up the remainder (34).

The composition of the wheat straw and straw pulp used in the
study by Ferguson are presented in Table 2 (12).

Table 2. Com posilion of untreated straw and straw pulp (as percentage dry matler)

Untreated  Straw . Untreated  Straw

: straw pulp i : _ straw pulp

Etlier extract . 1-05 1-13 True ccllulose* 35-28 43-78

-~ Crude protein 2-78 2-02 Pentosans in cellulose 18-93 20-09
Ash 7-47 6-04 Furfuraldehyde 573 - 6-569
Lignin 1510 13:64 Other carbohydrates 13-66 - 5-81

# Norman & Jenkins's true cellulose. 100-00 . 100100v .

B. Physical Properties
Not Applicable
C. Stability

No Information Available

Vii. Analytical Methods

Not Applicable

Vill. Occurrence
A. Plants

Bagasse is obtained from sugar cane. The other pulps are
obtained from the plants from which their names are derived.

B. Animals
None
C. Synthetics

None



Table 1. Chemical Analyses of Hawaiian Bagasse and Bagnsse Fractions,™" 95
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Courtesy of The Journal af the Te
¢ All data are on a moisture-{ree basis.
b \[ethuds for the determination of pentosans, lignin, holocellulose, and
pha-cellulose are empirical; therefore, the analyses du,not total 100%%.

chnical Assoviation of the Pulp und Paper Induslry.

itdata are a measure of the wax, fat, and sugar content.
¢ Ash content is of interest if the bagasse is to be pulped.



D. Natural Inorganic Sources

None




Biological Data

. Acute Toxicity

No Information Available

I't. Short-term Studies

Cattle

Using 8 first-lactation Holstein cows, Ronning and Bath conducted
a feeding study fo determine the nutritive value of dried beet pulp.
For periods of 175 days the cows were maintained on a basal ration
consisting of 70% alfalfa hay and 30% barley or a restricted basal
ration supplemented with dried beet pulp to supply approximately 25%
of the energy requirement. Milk production and body weight were
monitored for the duration of the tests. The feeding of beet pulp

was observed to be nutritionally equivalent to the feeding of barley
(38).

Khan et al. conducted a 2 x 2 factorial experiment to compare
the efficiency of various percentages of rice straw, bagasse pulp,
molasses, rice bran, cotton seed cake and rapeseed (toria) ofl
cake in the fattening of old bullocks. Twelve bul locks were randomly
assigned to 4 groups and maintained for 133 days on rations A-D,

which are shown in Table |. The composition of these rations is
shown in Table || and the results of the test are presented in
Table 1. The authors concluded that no statistically significant

differences exist among the rations. They attributed the differences

in performance of the various groups to differences in individual ity
in the animals (27).

TApLe I
\ .
Bullock Fattening Rations
.'——-—--‘
Rautions

A B C D

Lbs. Lb. Lb. Lb.
Rice siraw} o . e 40 30 25 15
Bagasse pulp : .. . - .e 10 . 10
Rice Bran S . . 20 20 s a8
Cottonscad cake (undecorticated) . _ 10 10 | 125 12°5
Rapeseed (toria) oil cake .. 10 10 12-5 125
Molasses .e . e 20 20 25 25 .
Ground limestone . - .o 06 06 06 06
Salt ' . .. . 0-2 0-2 02 02

‘ Total .. 100 -8 100 -8 100 -8 100 8




e e e 2 i

TaprLe 1L

Assumed Composition of Ingredients and Rations

M?:m:r IPrigr.ein Tog: Ca% I:x,
Rice straw . 935 66 415 ‘19 -07
Bagasse pulp . 90-3 410
Rice bran .. 880 82 630 ‘14 1-36
Undecorticted cottonseed cake 92-0 18.'0 638 18 “52
Rapesced (ferfa) oil calic . 93'6 269 613 *93 °95
Molasscs . 740 60°0 <66 <08
Rations:
) . 8876 637 5574 <047 +463
B . 88-51 631 5569 928 +456
C 8837 7-81 5930 -986 -561
D . sL12 775 s92s 96T -S4
- " TABLE HI
Summary of Weight Gains and Feed Consutmption of Bullocks
e Rations A B C D
Number of bullocks 3 3 3 3.
Ajerage initial weight 77503 T 74437 6936 7410
Average final waight L gm0’ 103676 827°3 88970
Days on feed SRRV RS | B £ S
Average total gain per bullock . 1207 2917 1337 148.0
Average daily gain per bullack N 091" 291  1-05 111
:Sed cequired per 100 1b, gain . 2472:8"" 1240°2  2114'8  2160-4
Avarage daily feed per bullock . 226 212 21-2 4_2'4;
Rice straw daily . - 896 800 527 3.66
Bagasse pulp daily " o 2:69 .. 2:44
Cottonsead cake daily L 2 2@ 26 305
Rapasz2d (toria) oil cake daily w . 224 0 2°69 ., 2°63 305
Molasscs daily | , . 448 538 527 610
Limestone daily N " L RIS 0-13 0-16 0-12 0-44
St doily” o T, a4 0s 04 0




II't. Long-term Studies

None

V. Special Studies

Bagassosis

Bagasse disease, or bagassosis, is a respiratory disease
resulting from the inhalation of dust from dried bagasse. It is
characterized by cough, dyspnea, and hemoptysis, night sweats,
chills and intermittent fever. Roentgenciogic examination of the
chest shows molting of both lungs. The disease commences insiduously
and the pulmonary reactions incited are reversible (24, 32, 50).

On the basis of their experiments, in which rabbits were treated,
intravenously and intratracheally, with untreated and sterilized
bagasse and 5 different micro-organisms isclated from bagasse,

Gerstl et al. concluded that the bagasse fiber itself is a rather
inert material and that the acute inflammatory process caused by
bagasse is due to micro-organisms, probably fungi, attached to the
bagasse (14).

A later study by Gerstl et al. confirmed their earlier statement
regarding Bagasse Disease. |In rabbits they found that a longstanding
foreign body reaction results from bagasse fiber itself while
some living matter attached to bagasse produces the acute
inflammatory reaction. For the rabbit an Aspergillus is the
pathogenic agent (15).



Biochemical Aspects

|. Breakdown

No Information Available

tt. Absorption - Distribution

The digestibilities of straw constituents in wheat straw and
wheat straw treated with sodium hydroxide solution (straw pulp)
were determined by Ferguson on sheep. The composition of the two
products is presented in Table 1 and the digestibility coefficients
of the straw constituents are presented in Table 2. The alkali

treatment resulted in a marked increase in the digestibility of
all constituents except lignin, which was totally indigestible (12).

Table 1. Composition of untreated straw and straw pulp (as pereentage dry matter)
Untreated  Straw

Untreated  Straw
straw pulp straw pulp
Ether extract 1-05 1-13 True cellulose* 35-28 4378
Crude protein 2-78 2-02 Pentosuns in cellulose 18-93 20-09
A:ﬂh . 7-47 6-94 Furfuraldehyde 573 6-59
Lignin 15-10 13:64 Other carbohydrates 13-G6 5-81
* Norman & Jenkins's true cellulose. 100-00 100~00>
Table 2. dverage digestibility cocfficients of the straw constituents
Constituent Untreated  Straw ' Untreated  Straw
- straw pulp Constituent straw pulp
Dry matter 47-8 63-8 Lignin 10-2 =05
Organic matter 51-8 68-5 Crude cellulose 62-4 877
’ : True cellulose 62-1 . 86:7
Ether extract 437 409 Pentasans in cellulose 632 . §9-7
Fibre 60-3 81-0 Furfuraldehyde - 512 84-2
N-free extractives 46-8 631 Other carbohydrates . 670 76-0

I1l. Metabolism and Excretion

No Information Available
IV. Effects on Enzymes and Other Biochemical Parameters
No Information Available
V. Drug Interaction
No Information Available
Vi. Consumer Exposure Information

No Information Available
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89. The Digestibility of Wheat Straw and Wheat-Straw Pulp

Sy Williwum Swan Ferguson, From Imperial Chemical In(Iuahzcs Aﬂwultmul
Rescareh Station, Jealotts Hill, Bracknell, Berks

(BReceived 3 August 1942)

The digestion of straw constituents and cellulose by ruminants was the subject of 4
recent paper by MeApally [1042]0 By mieans of in vitro and also in vivo experiments, using:
a sheep with & rumen fistula, she examined the rate of digestion of straw, straw coi
stituents and cellulose, Tn the in vivo tests small quantities (0-5 g.) of the materials wer
tied in small sillk squares and suspended in the sheep’s raumen. MeAnally states: ‘it i
probable that the conditions of digestion in the bag were not as favourable as in th
rumen, so that the observed rates of digestion must be regarded as minimal.” The results
showed that straw fractions such as cellulose and hemicelluloses were more digestible
when scparated than when fed in straw form.

A proportion of the straw resists digestion regardless of time, but McAnally think.
that too rapid progress through the rumen can causc (onmdmablc wastage and suggests
some form of predigestion in vitro to eliminate this,

The digestibility of straw soaked for 24 hr. in 1-5%, KOH and then thoroughly washed
was also investigated, and a marked advantage over untreated straw was obtained.
During the first 2 days in the rumen the digestion of the treated straw was no greater
than that of untreated straw, and it is concluded that ‘wastage through too rapid a
passage out of the rumen may not be avoided by the alkali pretreatment’. The digosti
bility of the lignin in the alkali-treated straw was 71 % as compared with 30% in the
untreated straw.

Investigations on the alkali treatment of straws to increase their feeding value were
commenced at Jealott’s Hill in 1938, and in 1940, in view of the inadequacy of the con.
ventional foodstuffs analysis, a trial was made to determine the digestibility of the true
- straw constit2ents. The results showed that the digestibility of the cellulose of alkali-
treated straw was very high and they suggested that wastage, if any, by too rapid
progress through the rumen must be quite small. They also suggest that the technique
of McAnally does result in slower rates of digestion than that which occurs normally in
the rumen.

The data presénted here give'only the fate of the various straw fractions during passage
through the animal, or the total digestibility as understood in agricultural circles.

EXTERIMENTAT,

. ‘A uniform sample of good quclity wheat straw was used throughout the trials. Tt was
chopped to half-inch lengths and well mixed.

Alkali treatment.  The chopped straw was immersed in 1:5%, NaOH for 22 hr. at
10-15°, using 10 times the straw weight of solution. At the end of the time, the straw was
removed from the liquor and after draining fox“%() min. was thoroughly washed with water
to remove the excess NaOIL. The straw lost 209 of its dry weight in this treatment. For
convenicnce the resulting material was called ¢ Stld“ pulp’.

Composition. The untreated straw and the straw pulp were dricd at 98°, ground and
analysed by the standard feedingstuffs methods, and also in greater detail, Cellulose
was determined by the method of Norman & Jenkins [1933] and also by that of Kiirschner
& Hanak [1930] as used by Crampton & Maynard [1938], the ((]lulos.m fraction of the
crude ccllulose being determined by distillation with 12 204 H(CL Lignin was determine ul
by the method of Ritter, Seborg & Mitehell [1932] as modified by Nommu [1034]. The

( 786 )

Swchem. J.

. 3¢ (ofn): 786-7F7 1942



DICESTIBILITY OF STRAW 787

total furfuraldehiyde yield was obtained by distillation with 129/, HCI and subsequent
precipitation as the phloroglucide. ;
Digestibility.  Digestibility trials were carried out on sheep. Six sheep were used in
cach trial, the same sheep being ased for both materials. The rations consisted of 600-700,g.
of straw dry matter and 100 g. vasein to supply protein. Rock salt and steamed bone
flour were also provided. The straw pulp was naturally fed in’the wet state. After a
preliminary period of 4 days the facees were collected daily for 10 days. ‘

Re-cLrs
Co. _mnsition .
The standard feedingstufls analysis is not given here in detail and it need only be stated
that the crude fibre Traction which was 42-4%, of the dry matter in the untreated straw
and 51:53% of the dry matter in the straw pulp consisted of 90-93 % crude cellulose and
7-10% lignin. The more detailed composition of the straws is given in Table 1.

"Table 1. Composilion of unircated straw and straw pulp (as percentage dry ma.tl.ler)

Untreated  Straw Untreated  Straw

straw pulp i straw pulp

Ether extract ) 1-05 1-13 True cellulose* 35-28 43-78
Crude protein 2-78 2-02 Pentosans in cellulose 18-93 20-09
Ash 7-47 6-04 Furfuraldehyde 65173 - 6-59
Lignin 15-10 13:64 Other carbohydrates 13-66 5-81

* Norman & Jenkins's true cellulose. 100-00 _ 100-00

The analysis accounts for most of the dry matter in the straws. In the untreated straw
1379, was undetermined and has been called ‘other carbohydrates’. This fraction pre-
sumably consists mainly of carbohydrate matcrial of more simple constitution than
cellulose, and was cvidently partly soluble in the NaOH. Only traces of reducing sugars
were present. The furfuraldehyde fraction represents the hemicelluloses excluding the
cellulosan fraction of the cellulose and some doubt exists as to the correct method of
expressing the yield. Some workers convert the yield of furfuraldehyde into pentosans

“which increases the value by about 70%, but Norman [1937] thinks the more accurate
way is to leave the fraction expressed as furfuraldehyde.

The most, noticeable differences between the straws are the higher cellulose and lower
‘other carbohydrate’ contents of the straw pulp.

The analytical data clearly showed the mixed nature of the crude fibre and N-free
extractives of the standard feedingstuffs analysis. The crude fibre consists mainly of
cellulose from which a considerable part of the cellulosan has been removed, and some
lignin. The N-free extractives are made up of part of the lignin, part of the cellulosan,
the furfuraldchyde-yielding substances and ‘other carbohydrates’.

The cellulose contents of the straw were also determined by the method of Kiirschner
& Hanak [1930]. Tt will be seen from Table 2 that this method gives a lower yield of
crude celluloso than Norman & Jenkins’s [1933] method, owing to the loss of a consider-
able part of the cellulosan fraction.

Table 2. Cellulose contents of untreated straw and straw pulp.
Comparison of methods (us percentuge dry malter)

' Untreated straw Straw pulp
B — -

— — ST ~—
N.and 3.* K. and Hf N. and J. K. and H.

Crude cellulose 54-21 39-45 63-87 52-18
True celiulose 35:28 35-00 4378 43-81
Pentosan 18-93 445 20-09 8-37

* Norman & Jenkins’s method. t Kiirschner & Hanak's method.
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Digestibility

The fieces of the sheep were analysed in the same way as the straws. It is inter esting ta
note that the erude fibre in the facees of the sheep receiving untreated straw consjsted of
86 %, ccllulose (almo=t entirely true vellulose) and 149 lignin, whereas in th(~ cuse of the
straw-pulp facees the erude fibre contained 609, true cellulose and 409, lignin, Thes.
proportions are quite different from those found in the fibres of the ougmal material-
fed and show the unveliability of the erade fibre digestibility figures. It follows, therefor
that the digestibility valae for the N-free extractives are also unreliable.

The average digestibility cocflicients are given in Table 3 and the values for the in-
dividual sheep in the Appendix. The digestibility of the erude protein was ignored sinee
this constituent forms a very small part of the whole,

Table 3. Avcinge digestibility coefficients of the straw constituents

Constituent Untreated  Straw Untreated  Straw
straw pulp . Constituent straw pulp

Dry matter 478 63-8 Lignin 10-2 -0-3
Organic matter 51-8 68-5 Crude cellulose 624 7T
True cellulose 62-1 . 86-7

Ether extract ‘ 437 40-9 Pentosans in cellulose 63-2 §9-7
Fibre 60-3 81-0 Furfuraldehyde 51-2 842
N-free extractives 16-8 63-1 Other carbohydrates’ . 670 769

It is clear that the alkali treatment raised the digestibility of most of the constituents.
The digestibilitics of the true cellulose and pentosans in cellulose run parallel and there.
fore, the sum of these constituents, namely the crude cellulose, only need be considered.
Its digestibility was raised from 62-4'to 87-7%, by the treatment. The furfuraldehyde-
yielding substances also inereased markedly in digestibility. The ‘other carbohydrates’

showed a less marked increase, as might be expected from the nature of this fraction.

The average digestibility of the lignin in the untreated straw was 10-29,, the range in
the individual sheep being 4-4-16-69%,. In the straw pulp a figure of —0-59, or total
indigestibility was obtained, the range Leing —9-1 to 6-49,. It can only be assumed that
~the treatment with alkali removed a part of the lignin which possessed some slight
digestibility. It must be remembered, however, that the determination of lignin cannat

- be considered altogether reliable and appreciable errors could be introduced in this way.
. 3

Discussionx

During the passage of straw pulp throagh the sheep, approximately 709 of the dry matter
and 909, of the cellulose were dmv\tcd This was quite efficient dlgestmn and it oceuried
ina probab]c maximum of 3} d.zy;. It seems unlikely that the food remained in the rumen
for morc than 2-2} days. It is gencrally thought that in ruminants practically all the
cellulose digestion or fermentation occurs in the rumen and the work of Trautmann
& Asher [1939] certainly confirms this. The present work therefore cannot support
McAnally’s view that wastage by too rapid passage through the rumen might occur witl:
straw pulp. It is interesting to note that MeAnally obtained a figure for the digestibility
of truc cellulose of 88-89%, by suspending straw pulp in the rumen for 7 d.L_\ s. This i
very close to the value of 86-79% obtained for complete digestion in the present work.
This also suggests that MeAnally’s technigue gives a rate of digestion which js eonsider-
ably slower than that occurring normally in the rumen.

The lignin appears quite indigestible in straw pulp and this does not agree with
McAnally’s findings. She obtained 70%, digestibility of this oonstituont in the rumen
and two possible ¢ \:plan'\tmns of the difference might be put forward. Rither the lignin
is considerably digested or rendered solulile in t]n(, runien and then later deposited i
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some other part_of the alimentary tract, or the difficulty in dealing with small quantitics
of material in the rumen fiztula has introduced some error. \

The digestibility dada, which are typical of many obtained at Jealott’s Hill, clearly
show the henefit derived from the alkali treatment of straw. The inerease in digestibility
has the effeet of approximately doubling the feeding value of good wheat straw to the
lummml

SuMMARY

The digestibilitios of straw constituents in wheat straw and wheat straw treated with
sodinm hydroxide solution (straw pulp) hiave heen determined on sheep.

The alkali treatment results in a niarked inerease in the digestibility of all constituents
except lignin. The lignin was totally indigestible.

Owing to the high (L sestibility of the major straw-pnlp constituents, it is unlikely that
any wastage ocans owing (o oo rapid passage of the material through the rumen.

The m(tdoqu.uy of the (om(ntxmml feedingstufls analysis is discussed bricfly.

The author wishes to thank D 8. J. Watson for his interest in the work and the
Directors of Imperial Chemical Industries Ltd., for permission to publish the results.
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APPENDIX

Digestibility coefficicils

Sheep ... 7 8, 9 10 11 12 Average
Untreated straw: :
Dry matter 437 | 171 47-0 47-5 49-0 52-4 478
Organic matter 48-0 50-7 51-1 81-0 53-3 566 51-8
Ether extract 36-4 59-3 43-5 47-7 34-9 40-2 437
Crude fibre 57-8 58-6 555 60-2 63-1 (6-3 60-3
N-frec extractives 42-3 46-2 46-9 45-7 480 51-6 46-8
Lignin 44 13-9 10:5 6-0 9-8 16-6 10-2 .
Crude cellulose 60-0 60-4 59-9 62-4 649 o 670 62-4
True cellulose 594 50-6 . 602 62-2 639 665 . 621
Pentosans in cellnlose 60-3 62-0 59-4 629 66-7 679 - 632
Furfuraldelyde 453 33 56-5 50-0 45-2 54-8 51-2
Other carbohydrates 606 604 649-7 66-8 71-2 73-3 67-0
Straw pulp: . :
Dry matter 665 61-1 61-5 G0-0 67-3 66-1 63-8
Organic matter 71-4 633 65-8 649 72-6 70-9 685
“Ether extract 49.2 4003 25-6 339 50-0 46-1 40-9
Crude fihre 83-6 770 80-2 783 83-9 82-0 81-0 .
N-frec extractives 66-1 61:9 689 69-2 67-4 651 631
Lignin 11 -11 -1 ~ 61 6-4 2.8 -0:5
Crude cellulose 00-6 841 86-0 85-0 90-6 89-7 87-7
Truce cellulose 897 82:5 85:0 84:3 894 887 86G-7
Pentosans in eellulose 92-6 871 880 865 923 91§ 807
Fuarfuraldehyde 843 812 K83-8 85-4 85-2 85-0 842

Other carbohydrates 759 773 81-1 088 81-6 76-2 76-9
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UGAR CANE from which the sugar content has been extracted is
called bagassc. This material is stored in the open for months and
even years; then it is broken, processed and finally pressed into various
shapes yielding building and insulating boards, such as “celotex.” Work-
ers breaking bagasse sometimes acquire a respiratory disease character-
ized clinically by cough, dyspnea, occasional hemoptysis, night sweats,
chills and intermittent low fever. Roentgenologic examination of the
chest shows miliary mottling throughout both lungs in almost all cases.
Most of the patients recover after prolonged illness. Although extensive
clinical studies have been carried out, and in 1 case autopsy ! uncertainty
still prevails as to the genesis of this disease. ¥

In the opinion of Sodeman and Pullen ? the etlologlc agent and the
mechanism of the changes are obscure, while Jamison and Hopkins®
have expressed the belief that micro-organisms, probably fungi, growing
on and causing deterioration of the fibers, and inhaled with these, cause
the disease. Castleden and Hamilton-Paterson,* on the basis of positive
cutaneous reactions obtained with extracts of bagasse, interpreted the
disease as an allergic reaction. LeMone, Scott, Moore and Koven ® in
a,recent report attributed the changes to the high silica content of the
bagasse fiber. '

.

From the Central Laboratory of Pathology and Research, State Tuberculosis
Commission, Hartford, Conn. (Dr. Gerstl) and the Department of Bacteriology,
Yale University, New Haven, Conn. (Dr. Tager)
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Attenipts to reproduce the discase in animals were reported as
unsuecessiul.®

The present investigation was undertaken to determine experi-
mentally the pathogenic properties of bagasse fibers and of the microbial
contents of representative suspensions. The possibility that other fac-
tors, such as hypersensitivity, play a role in the development of the . .
experimental disease was also explored. ,

MATERIAL AND METHODS

Five lots of bagasse were obtained by courtesy of Dr. W. . Reinhart, of the
Louisiana State Department of Health. These were arbitrarily called A, B, C,
D and E. Lots A and E were employed for these experiments. Lot A had been
baled in January 1944 and stacked for two years. Lot E was a sample of dust
collected from rafters near the conveyer in a bailing shed.

For experimental intravencus injections, bagasse was ground in a Waring
blender, sterile saline solution added and the suspension filtered through sterile
cheesccloth. The suspended particles varicd in size from less than 1 micron to
15 microns. They were counted in a hemocytometer, and the, suspension was
adjusted so that 7,500 particles were present in a cubic millimeter. For intra-
tracheal application, suspensions containing 30,000 to 35,000 particles per cubic
millimeter of a size up to 100 microns were made up.

Rabbits and guinca pigs of similar weights and ages were employed in the
experiments.

RESULTS

Intravenous  Adwministraiion.—Rabbits receiving intravenous injections of a
suspension of bagasse A (5 doses of 5 cc. each at tliree day intervals) rapidly
became sick, listless and dysptieic and showed paralysis of the hindlegs. One of
them dicd on the third day, and the three remaining animals were so sick that
they were kLilled on the fourth day. When, however, an aliquot of the bagasse
suspension was autoclaved (twenty minutes at 15 pounds [6.8 kg.] of pressure)
similar amounts could be given without any apparent ill effect. For control
surposes, 2 animals given the autoclaved suspension were killed at an interval
corresponding 1o that of deaths in the first group. The lungs and parenchymaious
organs of the animals given the fresh bagasse suspension showed extensive foci
of necrosis and marked cellular reaction (fig. 1), indicating that this suspension
containcd a powerful pathogenic agent. The presence of mycclia and sporcs
(fig. 2) in the organs showing the scverest damage served as a clue to the nature
of the agent. It is noteworthy that similar lesions could be produced by a single
injection of a more concentrated suspension. L

In contrast, preparations represcnting the rabbits given injections of the auto-
claved bagasse suspension revealed only small granulomatous lesions of the foreign
body ‘type in the lung (fig. 3). Necrasis was absent, and the other organs were
free of lesions. ’

It was then established that autoclaved bagasse suspensions could be given repeat-
edly without any adverse effect. A rabbit that received 16 intravenous injections,
totaling 74.5 cc,, over a period of thirty-nine days was killed thirty-cight days
after the last injection. Lesions were not seen grossly or microscopically except
for an occasional small group of monocyles containing small, irregularly shaped
forcign bhadies, noted in sections of the lung.
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These results suggested that one or several types of micro-organisms present

in the bagasse were the pathogens, while the fiber itself under the conditions -

tested produced only a foreign body reaction of no apparent consequence to the
experimental anjmal.

In the bacteriologic studies five different micro-organisms were isolated from
bagasse A suspension and cultured on various mediums under aerobic conditions:
Organismm 1 gave the reactions of the group of organisms designated bacteriolog-
ically as Bacillus polymyxa. Organism 2 was a characteristic form of Asper-
gillus fumigatus. Organism 3 was an acrobic member of the Actinomyces group.
Organism 4, while differing i.. gross appearance from 2, showed microscopic
characteristics that place it in the Aspergillus fumigatus group also. Organism
5 was an aerobic motile spore-formig gram-positive rod which failed to liquefy
gelatin and had many, though not all, of the characteristics of the Bacillus circulans
group,

Similar results were obtained with the other lots of bagasse except that
organism 4 could not be isolated from lot B.

Suspensions were prepared by washing the agar slants with saline solution.
They were standardized bacteriologically to contain approximately 10,000 organ-
isms per cubic millimeter. The elements of the Aspergillus and Actinomyces
cultures were similarly counted by attempting, as far as possible, to estimate the
number of particles—mycelia or spores—present. It was planned to inject 5 cc. of
one or another of the suspension intravenously into each rabbit twice. Suspensions
of 1, 3, 4 and 5 were well tolerated. Rabbits, however, which had received a
single injection (5 cc.) of suspension 2 (aspergillus) invariably died or were so
sick two to three days after the first injection that it was preferred to put them
to death.

The lungs, hearts, livers and kidneys of these rabbits showed numerous lesions
of a necrotizing character. Mycclia were somectimes histologically demonstrable,
and A. fumigatus was recovered from a blood culture at autopsy.

Sections represcnting the rabbits inoculated with the other micro-organisms
and kjlled at similar intervals revealed that organisms 1 and 3 produced only
minimal foreign body reaction in the lung. The cellular reaction of the lungs
of the animals inoculated with ‘organisms 4 and 5 was also slight, but abscess

formation was observed in the liver in both instances, Numerous multinucleated

giant cells were noted within the granulation tissue. Structures phagocytosed in
their cytoplasm suggested that the giant cells were macrophages which had
ingested some of the micro-organisms.

Three rabbits that were given suspensior’s of bagasse E in amounts and over
periods similar to those employed in the first two groups withstood the treatment
well.  Two of them, on histologic study, showed minimal pulmonary lesions, one
of them also a renal abscess, while the lungs of the third animal showed numerous
foci of mononuclear exudate and of giant cell formation; polymorphonuclear
leukocytes were rare, and nccrosis was absent.

Intratracheal Administration—The fact that bagasse injected intravenously
produced severe lesions did not necessarily imply that it would call forth a similar
reaction when introduced by way of the respiratory tract. A group of rabbits
received, therefore, bagasse suspensions by intratracheal insufflation. For this the
animals were under combined local and light cther anesthesia.

Fach rabbit was given 10 cc. of suspension, an amount of fluid that is absorbed
from the lungs within seventy-two hours.®  For control purposes aliquots of the

6. Courtice, F. C, and Phipps, P, J.: J. Physiol. 105:186, 1946,
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suspensions were cither autoclaved or formaldebydized by addition of 10 pertccut
(volune) of 2 40 per cent solution of formaldchyde.  After three to four days the
formuldehyde solution wis removed by centrifuging the particles and resuspending
them in saline solution. These suspensions were sterile on culture. The animals
were killed after ten days. Microscopic sections of the lungs of rabbits treated
with the suspurdon of fresh bagasse showed numerous large pneumonic foci
(fig 4). The exudate was composed of polymorphonuclear leukocytes, monocytes
and multinuclcated giant cells, with frequent disintegration of the exudate cells.
The giant cells were of the foreign bedy type and contained variously shaped
cytoplasmic defects which under polarized light sometimes corresponded to double-
refractile, apparently unstained foreign bodies. The interstitium was infiltrated
by vound cells, There was fibroblastic proliferation at the periphery of the lesion.
Some bronchial lumens contained desquamated epithelial and disintegrated exudate
cells. An occasional vessel was occluded by granulation tissue and its wall infil-
trated hy small round cells (fig. 5). One liver revealed numerous small foci of
ncerosis and infiltrating polymorphonuclear leukocytes. -

In scctions of the lungs of the control animals, lesions were infrequent, small
and of granulematous character. Giant cells were fairly numerous, but poly-
- morphenuclear lenkecyics were encountered only occasionally, and cellular disin-
tegration was absent (fig. ¢). TFibroblastic proliferation was more intense than
in the first group. The vesscls were free of lesions. )

Suspensions of b .s~e E were adininistered to 2 rabbits. After ten days their
lungs contained fairly frequent foci of pncumonic exudate, with monocytes being
prevalent in the larger and polymorphonuclear leukocytes in the smaller lesions.
Multinucleated giant cclls were also present. Cellular disintegration and inter-
stitial infiltration were, however, less prominent than in the group which had
reccived bagasse A. ! '

Guinea pigs were subjected to similar procedures, with suspension of bagasse E,
except that the amount insufflated was 3 cc. Sections of the lungs of 2 animals
obtained at.a ten day interval revealed several foci of a polymorphonuclear and
monocytic alveolar exudate, Several alveoli in these groups contained multinucleated
giant cells, one to cach. Sporelike foreign bodies were seen in the cytoplasm of
these cells. There was no necrosis, and no changes were found in the other organs.

hutracutancous Tests—It has becn stated earlier that intracutaneous tests
carried out with extracts of bagasse by two groups of authors yielded different
results. This problem was therefore also investigated. Rabbits which had received
two intravenous injections each of 5 cc. of bagasse suspension over a period of
six days were tested by intracutancous injection of 0.05 cc. of Seitz filtrates pre-
pared from saline suspensions of cultures of each of the five micro-organisms
mentioned earlier. The tests were made thirteen days after the first injection of
the bagasse suspension.

With filtrates 1 and 4 there was a reddening of the skin within a few hours
after the injection, and the reaction increased in intensity unti]l about twenty-four
hours later. A slight reaction was observed in one instance with filtrate 2. The
other filtrates aud saline solution, which was used as control, gave negative
results. A normal rabbit, however, tested with identical preparations showed
similar results.

P

That sensitization is not an esscntial factor in the genesis of the experimental
disease was also indicated by the fact that a single injection of a more concen-
trated suspension of bagasse A produced lesions similar to those due to repeated
injections.
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Fig. 1-—Rabbit given intravenous injections of a suspension of unheated
bagasse A third day; lung; focus of neccratizing pneumonia; Masson stain; X 75.

Fig. 2—Rabbit given intruvenous injections of a suspension of unheated
bagasse A; third day; kiduey; mycelial fragment and spore; Masson stain; X 476.

Fig. 3.—Rabbit given mtravenous injections of a suspension of autoclaved
bagasse A ; third day; lung; granulomatous lesion; hematoxylin and cosin; X 238.

Fig. 4—-Rabbit given intratracheal insufflation of fresh bagasse; tenth day;
lung; pneumonic exudate of polymorphonuclear leukocytes, monocytes and foreign
body giant cells; hematoxylin and eosin; X 136.

Fig. 5-—Rabbit given intratracheal insufflation of fresh bagasse; tenth day;
lung ; vessel occluded by granulation tissue: hematoxylin and cosin X 156.5.
Fig. 6.—Rabhit given intratracheal insufflation of autoclaved bagasse; tenth
day; lung; foreign hody granuloma; hematoxylin and cosin; X 177.
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COMMENT

In the cases reported so far human bagasse discase occurred after
an expostre of several weeks or months. The pathologic changes
described here resulted from short term experiments and should not be
taken, therefore, as a basis for comparing the lesions morphologically.

Suspensions of unbieated hagasse given intravenously proved fatal

to rabhits exeept when given in small doses. The fact that numerous
neerotizing lesions with fragments of fungi demonstrable within them
were found in the kidney and the liver while the highly refractory
bagasse fibers were not scen there, together with the fact that there
were no lesions in these organs in animals given injections of autoclaved
bagasse, suggests that the fiber itsell does not contribute to the causation
of the experimental discase. It may be assumed, however, that the proc-
ess of autocluving changed the structure of the fiber, rendering it less
harmiful. Thus, resort was taken to formaldehydizing, a procedure that
would atfect the micro-organisms of the suspension and change only
amino groups of protein particles possibly present in the bagasse fibers.
The puthogenicity of bagasse, however, was equally abolished by the
scecond procedure, i

Among the micro-organisms isolated from bagasse, the aspergilli
proved to be the most harmful for rabbits. These are ubiquitous fungi
and are kuown not only for their toxic effect when injected intravenously
into animals but also for their occasional pathogenicity for man. In
view of the cosmopolitan distribution of A. fumigatus in the soil and in
vegetable matter, it is difficult to attribute human bagasse disease to
these organisms alone, since similar respiratory disease has not as yet
been noted among many other occupational groups equally exposed to
these fungi. Experiments employing prolonged exposure or providing
longer intervals are necessary to decide whether aspergillosis, alone or
in combination with other factors, simulates in its morphologic aspects
human bagasse discase. '

A slight but distinct difference was noted between the lesion pro-
duced by bagassec A and that by bagasse E, the changes produced by
the latter being less severc. Bagasse discase has, however, rarely if ever
occurred in men working in places where bagasse E was collected, and
thus its pathogenicity for rabbits would represent a failure to supply
the experimental corollary. Among the microbial contents of bagassc
E, however, were also aspergilli, and it may well be that the particular
susceptibility to these fungi enhanced the severity of the lesions in rah-
bits. The less serious character of the lesions occurring in guinca pigs
would support this assumption,
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SUMMARY
Final interpretation of the results of these experiments has to be
postponed until more information concerning the pathogenicity of the
micro-organisms and of the fibers described will be available. Prelimi-
narily it may be said, however, that the bagasse fiber itself under the
test conditions described is a rather inert material, that the acute inflam-
matory process caused hy bagasse is due to micro-organisms, probably
fungi, attaclied to the bagasse, and that the lesions in no instance resem-
bled those in human or experimental silicosis.

'
-
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The Pathogenicity of Bagasse, I, Effect on Rabbits of Prolonged E)_&posure
to Bagasse.*
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The clinical and industrial health problems
of Bagasse Disease have attracted increasing
attention.” ™ In spite of carcful observation
and biopsics on patients suffering of  this
discase, its pathogenesis remains obscure.®
T Dublished with permission of the Chiet Medi
cal Director, Department of Medicine and Surgery,
Veteraus Administration, who assumes no respon-
sibility for the opinions expressed or conclusions
drawn by the author,
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Various factors have been suggested as
etiologic agents: the partléular composition of
the fiber itself, fungi and micro-organisms
attached to the fiber, and the high silica con-
tent. Allergic phenomena also entertained as
a possible etiologic mechanism® seem, on the
basis of experimental evidence,* less likely to
be involved.

The problem of establishing whether the
fiber itself, or the micro-organisms growing in
abundance on it,** is responsible for the dis-
ease was approached experimentally by com-
paring the lesions produced by either un-
treated, autoclaved, or formalized bagasse.*
In short term experiments a striking differ-
ence was observed. Rabbits developed a
rapidly progressing, even fatal, discase after
intravenous or intratracheal administration of
fresh bagasse, while the autoclaved or for-
malized material produced only a foreign
body reaction limited to the lungs. In the
present report these experiments were ex-
tended in order to study the character of the
lesions at longer intervals, to resolve the com-
plex histopathology of the lesions into com-
ponents that could be correlated with the
various ingredients of bagasse dust, and to
compare the morphology of the experimental
lesions with that of the human diseasc.

Material and methods. TFor intratracheal
insufflation, a procedure described earlier was
employed.  The attempt to expose animals

Froc, Soc. Exp?‘/. Brof. Med.
70(4): 677-702/ 17#7
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TABLE 1.

Rublits Vixposed to BDagasse in Dusting Chamber,

Rabhit No.of
No, huours exposed
206 270
207 270
347 30
356 72
and a0
362 180
302 30
363 isn

348 A1

to a continuous and somewhat controlled flow
of dust for days or weeks met with difficulty.
An arrangement, similar to that recommender!
by Sonkin et ol proved unsuccessful hecause
of the hygroscopic bagasse powder rapidly
becoming sticky and plugging the jet.  Shak-
ing a large amount of bagasse and maintain-
ing the dust in the air by means of a fan or
blower resulted in unequal distribution in the
dusting chamber.  Finally, resort was taken
to a modification of the relatively simple
method employed by Gardner”  Bagasse was
finely shredded in a Waring blender and
strained through a wire gauze sleve, 150
meshes per inch.  Dusting wee carried out
for various periods during the day time. (Sece
Table T). Approximately 15 g of bagasse
were expended during 6 hours of dusting.
The animals with their fur thickly coated
with dust were then replaced in their.cages.

To secure ash, bagasse was kept in an
electric furnace at 850°F, with air blown into
the oven to insure oxygenation. The result-
ing ash was ground in a glass homogenizer.
The average yield was 5.74%. Hunter and
Perry® as well as Koven,' reported 3 to 4%.
The silica content of the ash was 43.34 and
43.05%.% The ash of 10 g bagasse, ground
with the addition of saline, was made up to
90 cc. Each cubic millimeter contained ap-
proximately 35,000 particles. Its total con-
tent of solid particles, estimated volumetri-
cally after centrifugation, was twice that of
suspension of bagasse.t  The mineral content,

t These
and carried out by Dre, Carl Tiedeke, New York
City.

ey were obtained on a single sample

Duration of
exposure, diys

Day after last oxposure
that animal died (d) or
was sacrificed (s)

108 1ith (s)
108 . 21st (s)

6 ‘ Ist (d)
15 Ist (d)
15 Ist (d)
44 24th (s)
6 30th (s)
44 36th (s)
12 36th (=)

however, was about 10 times that of the
suspension of bagasse fiber,

An extract of the resinous substances was
obtained by refluxing 5 g of shredded bagasze
with 100 cc of petrol ether or benzol for 10
hours. The solvent was evaporated from the
filtrate. The residue suspended well in 13
to 20 cc of water, to which 2 drops of mono-
ethanolamine had been’ added.

Results. A, Intratracheal insufllation of
bagasse. Rabbits studied at 20 and 335 days
after the intratracheal insufflution of 10 ml
of suspension of fresh bagasse showed fre-
quent and large pneumonic lesions, with the
alveolar exudate predominantly monocytic in
character, though polymorphonuclears were
numerous in places. The interstitium was in-
filtrated by small and large round celis.
Fibroblastic proliferation was noted at th
periphery of several lesions. Other lesions
were of a foreign body granulomatous tyvoe
and composed of multinucleated giant cellz
ar:l mononuclears grouped together by bun-
dles of fibroblasts. Cytoplasmic defects of
irregular shape were often seen in the gian:
and mononuclear cells, but birefringent bodies
could be identified under polarized light only
in a few instances. TFrom the pulmonary
lesions of one of the rabbits (35th day) an
Aspergillus was isolated on culture. 1n some
sections radiate bodies (Moore™) could also
be identified.  Rabbits treated similarly with
autoclaved or formalized bagasse and studied
at identical intervals revealed lesions com-
posed of one to several multinucleasted giant
and wmononuclear cells, both showing cyto-
plasmic vacnoles.  Slight  fibrablastic  pro-
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liferation and w few small round cells were
seen at the periphery of some of the lesions,
rendering them granulomia-like, There was
litthe difference between the morphology of
these lesions and those observed at 10-day
intervals!

B. Effcct of usk aud resins of bagasse. For
the purpo-e of dificrentinting the effect of
minerals present in bagasse from that of the
fiber as o whole, 2 rabbits received cach 10 ml
of ash suspension, as described under Ma-
terials and Methads, by the intratracheal
route, and were sacrificed 33 days later.
AMicroscopic sections revealed occasional for-
eign body giant cells, both single or in small
groups, in the interstitid pulmonary tissue.
Some irregulur shaped cytoplasmic defects in
these cells  corresponded,  under  polarized
light, to double refractile bodies. In the pul-
monary sections of one of the animals two
small granulomatous lesions, composed of a
few multinucleated giant cclls und fibroblastic

Fia. 1.
Rabbit 328, Treated intratracheally with ash
of bagasse; 35th day. Tung. Masson strain, X75.

)

B A,

Fig. 2.
Intvaperitoneal injection of ash of
Peritoneal tissae, 1 & XK.

Guinen pig.
bagasse; 9010 day.
stain, X165,
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proliferation were noted; and in a section of
the other animal a few alveoli plugged by
young connective tissue were noted. (Fig. 1).

Intravenous administration of similar ma-
terial in repeated small doses, totaling § ml
produced occlusion of numerous capillaries
by multinucleated giant cells which had
formed around jrregular shaped, sometimes
highly refractile, foreign bodies. Similar giant
cells were also found occluding Iymphatics.
This type of lesion was observed at 3 and 4
day intervals as well as at 20 and 35 days.
In the latter group they differed only by being
less numerous and by the occasional presence
of a few small round cells or slight fibroblastic
proliferation around the giant cells. The pul-
monary changes in two rabbits, treated simi-
larly and sacrificed at 55 days, were almost
identical to thosc of the aforementioned ones.
It is noteworthy that the other organs of
these animals were free of lesions.

Three guinea pigs each received intraperi-
toneal injections of 2 cc of the ash suspension,
and were sacrificed 90 days later. Two of
them revealed granulomatous lesions attached
to the visceral and parietal peritoneum, and
composed of numerous large giant cells,
mononuclears, and slight fibrous tissue pro-
liferation (Fig. 2). Numerous variously
shaped foreign bodies were within cytoplas-
mic vacuoles of these cells. None of these
lesions resembled those seen in experimental
silicosis.

The extent and number of lesions, as well
as the intensity of the cellular reaction in the
rabbits that received ash suspension were
strikingly less than in the animals treated
with autoclaved or formalized bagasse, al-
though the mineral content of the material
administered was a multiple of that in the
former group.

Browne,” in an early investigation of the
composition of Dbagasse, pointed to its high
resin content. Resins are not innocuous sub-
stances, although the literature on this sub-
ject is scanty (Hirsch and Russel™). An
attempt was, therefore, made to arrive at an
appraisal of the biologic properties of the
resins present in hagasse. Extracts, prepared
as stated under Methods, and suspended in
ethanolamine water were administered intra-
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tracheally so that cioch of three rabhits re-
ceived the total from 2. The
animals were sacrificed on the 35th day. A
moderate number  of  multinucleated  giant
cells of the foreivn body type were seen in
the interstitial tissue of the lungs,  Some of
them irreglarly  shaped,
foreign bodies which did not rotate the heam
of polarized light. There was no other ceflu-
lavr reaction.

C. Exposurc fo bagasse dust. Animals were
exposed to dust for periods indicated in Table
1. For dusting rabhits 296 and 207, various
mechanisms including  the jet devised by
Sonkin ¢f al’ were employed. Only for the
last 10 hours of exposure were these animals
kept in the dusting chamber used for all other
animals listed in Table I. Between the two
animals there was a striking difference in
type and extent of lesions. A few alveoli
containing a monenuclear exudate were the
only changes seen in rabhit 207.  Although
rabbit 296 was sacrificed 10 days later, its
necropsy revealed extensive acute inflamma-
tory changes. In the lung, numerous alveoli
were filled by a polymorphonuclear and
monocytic exudate with some of their nuclei
showing pyknosis and karyorrhexis.  Disin-
tearated celly were also noted in the perivas-
cular lymphatic tissue. Foci of nécrosis were
present in liver and spleen.

Three animals, kept in the dusting cham-
ber as indicated (Table 1), died alter 30, 72
and 90 hours of exposure. (Rabbits 347,
356 and 359). It is noteworthy that their
exposure mates survived for a prolonged
period. The microscopic preparations of the
first rabbit revealed & hemorrhagic pneu-
monia; those of rabbit 359 revealed fairly
numerous mononuclear cells in alveoli and in
distended lymphatics.  Small foreign Dbodies
were seen in many exudate cells.  Two heal-
ing myocardial infarcts may have accounted
for the early death of this animal. The scc-
tions of rabhit 356 revealed an extensive
pneumonic process with the exudate being
polymorphonuclear in places, in others pre-
dominantly mononuclear.  Many bronchioli
were plugged by a similar, sometimes disin-
tegrated, exudate. Occasional organization
of the bronchiolar and hronchial exudate was

'

5 g of hagasse.

contained  large,
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found (Fig. 3). Multinucleated giant cells
were infrequent.  In addition to numerous
small variously shaped foreign bodies there
was noted an occasional club-shaped body,
continuous with a fragment of a mycélial-like
structure (Fig. 4). Frequently groups of
large mononuclears with a foamy cytoplusm
were seen both in alveoli and interstitium.
Similar changes were also responsible for
some polyp-like protrusions of the inter-
stitium into the alveolar lumina. Some of the
- alveoli were lined by a cuboidal metaplastic
epithelium.

Four animals were exposed to bagasse dust
from 30 to 180 hours, and sacrificed at inter-
vals from 24 to 36 days after the last ex-
posure. These animals, because of the ap-
proximating interval, as well as the similarity

Rabhit 346, Exposed to bugasse dust for 72
- hours.  Died. Tamg. H. & K. stuin, X100
Bronehioli plugged by exudate.  Interstitinl in-
filtration by inflammiatory cells,

MG, 4.

Rabbit 356, TLung,  Masson
Spore and myeclin-like stracture;
giand cell,

stain, X425,
foreign  hody
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of Tesions, may be considered together. There
were nipny alveoli in grenps o 3-20 which
were filled by closely packed Lirge vound or
polygonal cells, some of which could be iden-
tined as mononuclear phagoeytes, Their cy-
toplasin contained hrown dust-like material
and also birefrinzent rods. .\ few multinu-
cleated giant cells of the Toreign body type
and  occasional polymorphciuclears . were
There was no necrosis,  In pul-
monary sections of rahbit 363 there wax &
marked  thickening of the inferstitium by
monocytic infiltration and fibroblastic pro-
liferation  sometimes  forming  protruzions
(Fig. 5) similar o these observed in rabbit
350.

Three guinea pigs (337, 338 and 339) were
also exposed in the dusting chamber for a
total of 77 hours over a period of 18 days,
and sacrificed 10 days later.  The short in-
terval was selected in order to observe any
acute inflammatory changes which might have
subsided at @ later date.  In the pulmonary
cections some alveoli and bronchioli contained
an exudate of large vacuolated mononuclear
cells and an occasional polymorphonuclear.
Elsewhere, large multinucleated giunt cells
were seen.  Numerous foreign bodies were
present within cells of both types. When
compared with the lesions of rabbits exposed
for a similar length of time, the almost com-
plete absence &f an acule inflammatory re-
sponse in the guinea pig was striking.

present.

PG, 5,
Dusted 180 hours, 36tk day.

Rabhit 363,
1, & I, stain,
tration,

Lung.

w60, Marked interstitinl infil-
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Discussion. ‘The striking difierence between
lesions resulting from the administration of
live bagasse, and those from bagasse dust
with all living matter killed by either auto-
claving or formalizing, as described first in
short time experiments, was also manifest in
animals kept alive for longer intervals. This
is sugeestive evidence that some living matter
attached to the bagasse fiber, in itself an in-
jurious agent, enhances the effect, and pro-
duces an additional pathologic change. The
hagasse fiber, without living matter, elicits a
long-standing foreign body reaction. Bagasse
dust in the native state, when inhaled or in-
sufflated, calls forth, in addition to the foreign
body . granuluma, an acute inflammatory re-
sponse which, in view of its presence many
days after the exposure, allows no other in-
terpretation than that self-propagating micro-
arganisms act upon the tissue of the host. For
the rabhit, an aspergillus seems to be the
pathogenic agent. It could be recovered from
the pulmonary lesions 35 days after intra-
tracheal administration of bagasse dust. This
finding would support the theses of other
authors™™ ! that fungi play an important part
in the pathogenesis of the human disease.

Two components of the bagasse fiber could
be demonstrated as being responsible for a
long persistent tissue reaction, although the
latter is of minor degree. One of them, the
mincral particles, is of interest for the high
silica coutent. But none of the lesions pro-
duced by the mineral ash resembled those of
human or experimental silicosis. This would
bear out the assumption of several authors
that human Bigassosis is not caused by the
high silica content of the bagasse fiber. The
resins similarly contribute to the persistence
of the lesions, as evidenced by the presence of
giant cells 35 days after intratracheal in-
sufflation. Tt also could be established that
the resins, at least in their extracted form,
do not contribute to the birefringence of the
bagasse particles.

The most interesting part of the investiga-
tion was the effect of bagasse dust when in-
haled by animals under conditions simulating,
those under which the human diseasc is ac-
gquired. 1t was soon apparent that some of
the animals reacted violently to the dust with
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instant and protracted cough, and developed
a rapidly progressing poeumonia, The com-
plex morphology of the Jesions found in these
incluce: pnecumonia,
hronchiolitis, with plugging of passageways
by cellular exudate and dobiris, interstitial
thickening by exudate and fibroblastic pro-
liferation, as well ax of forvign body reaction.
On the other side are the animals that of-
fered a Dizher resistance, possibly aided by
climination of some particles by the upper
respiratory  channels.  These animals prob-
ably would lave survived indefinitely and
demonstrated the ability to resolve gradually
the lesions which they undoubtedly harbored
at an earlier dafe. v

Although these two groups of animals rep-
resent an interesting parallel to the selective
morbidity among workers in the bagasse in-
dustry, a comparison of the morphalogy of
the human with that of the experimental dis-
ease is hindered by the scarcity of human
material available.t

Of the 2 cases that came fo autopsy
(Sodeman,'t Hunter and Perry™) only one
has been reported so far. Large spicules, as
ilustrated in Sodeman’s case, could not be
found in the tissue of animals that were ex-
posed to the dust. Apparently particles of
that size could not pass the smaller respira-
tory luming of the animals. Other charac-
teristic features are interstitial fibrosis, bron-
chiolitis,” and the presence of numerous large

animals hemorrhigic

foamy alveolar cells filling the alveolar
spaces.'t
In the experimental lesions interstitial

fibrosis was scanty. This may be duc to a
greater resolving power of the animal tissue
‘or 1o the fact that the more susceptible ani-
mals succumbed too early (6 and 15 days)
to have developed extensive fibrosis.  Tibro-
blastic proliferativn, however, was observed.
Large foamy exudate cells and plugging of
T]jr.w\\’. A;-A;“ot;;l.nl\l:nl\ kinrdl.y: made availible
goveral slides of the pulmonury lesions of the case
observed at Pulane University.

Protoxced EXPosURE TO BAGASSE

the
the

the bronchi were the features wherchy
experimental  most  closely resembled
spontancous disease.

The character of the lesions in the guinea
pig differed strikingly from that in the rab-
bit. These represented a response to foreign
hodies and lacked the acute inflammatory and
progressive component, and are apparently
due to the fact that the guinca pig is not
susceptible to the organisms associated with
bagasse.!?

Conclusions. These experimental and com-
parative studies permit the conclusion that
the inorganic part of the inhaled bagasse
dust produces a Jong-standing tissue reaction
which is primarily a foreign body response.
It is unlike silicosis and amenable to healing
by resolution. Superimposed on these lesions
there occurs in those animals which are more
susceptible to the causative microorganisms
acute bronchiolitic and pneumonic changes
which, if sufficiently extensive, may cause
death of the animal. A similar combination
of etiologic factors seems to be the most
plausible explanation of the complex picture
of human bagasse disease. :

Sunimary. Bagasse irrespective of the route
of administration, produces a complex and
frequently progressive inflammatory. reaction
of the exposed animal. By employing native,
in contrast to autoclaved bagasse and its
extracted resins and minerals, it could be
demonstrated that the fiber itself calls forth
a long-standing foreign body reaction which
is amenable to healing. The progressive in-
flanimatory reaction and death of the animal,
however, are due to microorganisms attached
to the bagasse. In the instance of the rabbit,
aspergilli are the pathogenic agents. The
points of similarity of the experimental le-
sions to those observed in humans are dis-
cussed. None of the lesions resembled silicosis.

T wish to express sincere thanks to the Hospital
Photographic Laboratory, Letterman General Tus-
pital, Sun Francisco, for preparing these nicre
photographs.
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Bagasse v suean cane atter e e has been
cnvtnted Becanse of the tonediess of ats hibres,
amd then vood msobatee properoes sloas ised fon
mahing boards tor inteoon deconratime and o thenmal
nsulaiinge pui poses Ihe suear cane wihinch s eed
for thes puipose s eronnan Fouisina s shipped o
to this countiy i bates When the bades we pached

o Americy the bamese contiins 4 per cent. ol
: }

slucose, but onarrecad e b nekand 1t s sugar free.

U nul the outhreak of war the Baies were broken
by oaovet process: they were placed under water in
Gosoah pate brokens and then Gied by o comeyor
belt trom the soall hease i whick this process was
carried ont o the nean factory 1o processing, Al
the end of 19390 order 1o save <hipping space.
the bades were packed more firmidy and it proved no
longer possibie to break theny in this wet provess.,
A machine. hknown as o shiedder. was therefore
mntroduced 1o break the baies. This consisted ol a
wheel wath multiple blides which revobvad inside a
case.  The bales were tirst broken with a pick-ase
and the ~ecuons then thirown into the case. The
bigasse was thus shredded by this By process and
the small pieces were carned by the convevor belt
as betore. This process proved 1o be very dusty,

Bugasse, as found at 1he factory, consists mosthy of

cellulose tibres though soime of the “eellulose s
prosent iy orsstadhine forme B abso contains || oper
cent of protem. Nagelsehmidt tound thin bagasse
ware 3 oper eent of ash oon ashing at 300 € By
alternatmy rregiment of this ash with cold dilute
avid and hot Gilate adk thes, over SO per cent. could
he dissohved. Ehis dissolved portton conkained the
amorphous sihici whoch came 1o abont SO per cent.
ob the otal ashe The residue contined  much
dquartze o Micrescopie aid cray dilraction analhyvsas
put the Ginettz at abont 35 per cent. of the total
s Phisamorphous sthea formed roughis 102 per
centsof the bagasse and gquartz 08 02 per eent.:
s of the quarsz patticles were 20 3 in size. h
vots st amgptobable

sthicosiy contkd arise e handhing basasse, Bagasse
was o dound o contam mars funer, )T
Dancan ovanoned  ~amiples and also dust rom

1he shredder rooms He Toand many fungs resent.,
aned estimated that one seannne of the aitborne dost
contamaed 240 mithon funeal spores
of the uncdinable tehospores of fungi ‘of the order
Pocomiales tRusts i as well as the comdia of many
species ob saprophaoe tanel About 200 different
spocies were mokiied meocodnee, including Paecilo-
moves vantotr Wpevedlus funzartns, U piver. L

heretore, it any sk of

Fhose consisted

Ball (1943), among others.

shoan bndied Nedicowme N edical Researeh Couneily, The Loadon ‘ospfal

tevsees and AL canddida. Frichoderme hqn cum
Mondlia sitophilia.  Aleurisma sp. and SPecics of
Pemicilliom, Mucor, Rhizopus. cte.

I 1940, after the installation of the dry byl
breaking nichinery, cases of respirat ry "y
began 1o appear among  employees WO e ghe
shredding machine und breaking the bales These
cines were ohserved by Lloyd (1940 at the 8: ppron
Hospital. - He comsidered  that he was dealing
with an unusual kind of preumonia which wys
related 1o bagasse, but did not think that tiere wyy
suflicient evidence 1o establish the actiologs. He
comsulied E. L. Middicton, H. .M. Medicai Inspector
of Factories who advised that the nuchiner: <hoylg
be moditied by a jet of water being directed on to
the wheel to allay the dust.  This advice was carrieg
out in 1941, and until 1944 no further case of
respiratory  disease which could be wnidviag 1o
the bagasse occurred:in England.

Review of Literature

Jamison and Hopkins (1941 described ihe case
of o voung negro labourer who was cinpoyed in
1940 unloading bagasse from a ship at & board-
making factory in New Orleans.  This wus & very
dusty occupation. He developed an acute tebrile
tness with marked dyspnoea, cough and svanty
blood-stained sputum.  Physical signs showed riles
scattered  throughout both lungs.  N-ravs ~qowed
“onbiary. mottling © through both lunge 1'¢ 1<, by
these cleared in the course of 2 monthe. ga
normal healthy  picture. The  patient roonered
complereh. From a concentrate of .« 24-heur
specimien of his sputum @ fungus wis ©°ow on
two  occastons. The  authors, howewer,  whike
stating that in thewr opinion this was the ease of
the allness, il to state the nature of the funews.

Castleden and Hamilton-Paterson 11442) rported

Jour case of * hagassosis,.” an industril ivne decase.

The tirst was o boy of 19, who atte:r wevking for
sivweeks in the spring of 1941, develored a obaioral

pneuamonia which radiologically showed an o aen-
sive camsoludation in both lungs witl  en) 2ud

mediastunal glands,  The appearances il net siow
the opacal miliary mottling of the vinireme asso-
clated with bagasse, but the process may have
become confluent in this particular case. Hhowgh it
s impossible 1o distinguish from the  atypical
pndumoma which was prevalent in that year. an
which has been well described by Drew, Sowge! an:
Case 2 was i elecirice’
mechanic aged 37, who was not himselt e aged o

Brit., J. Industr, Med, 3!6‘1—7‘5. 19“'6
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the worh of breaking the bales.  Fhe machinery,
howe vio was new  and  there were frequent
breab “owns, He theretore spent considerable time
in it ouse ellecung repairs. Neray of his chest in

19+ owed no abnopmaliny beyond a catarrhal
broe as. Howewer, sinee that time he has desvel-
oph SXtensihe progressive librosis of both lungs.
He cquently died i 1944 and an account of the
nev:. sogiven Rater in this paper. (Case 12)
Co-o - howed noadiological changes in the lungs,
i 4 was aman aged 4 who had previoushy

wornee Tor 17 vewrs in the Durham coalticld and
shov oo the v-ray appearances which have been
e ctculation by Hart and  Aslett (1942),
Castlcden and Hamilton-Paterson ialso described shis
st wich they had cuiried out on some of the
workuis  These showed that some dey cloped a skin
XNtV 10 extracts o bagasse. Sodemuan and
Pulles (1944 1epeated these tests in persons exposed
o bagasse. and in a gioup who had not been
exposad. They fatled 10 find a negative reactor in
cther group,  Castleden and  Hamilton-Paterson
theretore left the disease in a very obscure position,
especkally as the third and fourth cases show no
discase that can be ciearly attributed to bagasse and

R\:\

big, 1o Case 1 acute stage showing ditfuse mottling with scattered conMuent acas.

the fourth man had a4 paeumonokoniosis catsed b
his work as a collier,

A further case was reported rom New Orleans in
1944 by Jamison. Bryan and Ny ina negro man
aged 32, who had been loading raibway frerght cars

for a month. e deseloped dyspnoca and v-ray of

his chest revealed inbfration with u miiy apper-

ance which cleared completehy in the course of tour

months. No fungi were Tound in this Cise.
Finally, Sodeman and  Pallen (1943) WNe an

account of a ftal case and (1949 an aceount of

FEfurther cases. They say that shoriness of breath
was invariably the chict complaint, but tha cough
was an carly and important ssmptom. In tour
nstanees haemoeptasis occurred: it was sariable in
amount. but lasted only a tew davs,  The sputim
was seanty and mucoid.  Intermitient fever with
temperatire rising o 102 F.owas obsenved and
persisted up o three or Four weehs, N-ray exanina-
tion of the chest showed a milian mottling through-
out both Tungs. most dense in the hilar arcas in all
cases. White ¢ell counts were over 10,000 in 10
instances with o polymorphonuckear leacoes tosis,
Newdle biopsy specimens were obtained  from the
lung of one patient in the sivth week of the discase,

- -
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and sections were tithen at necropsy from the fung
of the paticnit who dicd. These showed pulmonary
tissue with severad -~ spicules ™ of an irregular foreign
material embedded in i, There was a fibroblastic
reaction of the interstitial tssue of the lung.  There
were many Lrge cells with a foamy cytoplasm in
the abheokur spaces. The forcign bodies  were
microscopically simikir o bagasse, and under the
polarizing microscope these * spicules * were seen
to rotne the plane of pokarized light: many smaller
syattered preces with an average diameter of 2 8p
were abo seen.
Present Investigation «

An atempt has been made (o ascertain what has
happened to atl the men who worked on the hagasse
shredder i the factorsy in | ngland.  1owas discovered
that in 1940 14 men were cmploved on this machinge
for contintous periods of more than 3 days: in 1941
20 men.and in 1942 10 men. These men worked in
pairs for iwo weeks by dav, followed by a two weeks'
night shift,  The work was considerably more dusty
at night since blackout regulations necessitated the
closing of the large doors to the shed which housed

-
il

INDUSTRIAL MEDICINE

the machine. Of the 14 men employed in 1949 |4
were traced; of the 20 in 1941, 18 were traced; apg
of the 10 in 1942, 8 were traced. As the Machine
was in an experimental stage in 1940 the assistany
works manager, the chemist, the personncl manage,
an electrical mechanic and a carpenter also speng 5
considerable amount of time in the shed. Al fy,
of these have been traced and examined. Of 13
men traced who worked on the shredde: in |
7 showed a characteristic acutc respirator: jllngg
similar to that alrcady described by Lloy.! ut the
Brompton Hospital and the American work .5 apg
of the 8 mecn employed during the firv thre
months of 1941 3 showed signs of this illnes,
Thus, out of 21 men employed on the shredder j
a period of 15 months, 10 (47-5 per cent.) devalopeg
the illness.  The onset of symptoms usually <coypreq
after the men had been working on the ma. . e for
8 weeks,  The discase manifested itself as 1 acype
febrile iliness with extreme shortness of brearh. coug
with scanty black, stringy sputum and oc.asiong]
haemoptysis.  Signs were scattered througi: wut boip
lungs. and x-rays of the chest showed miliary shadows
throughout both Jung fields. The appearances

I, 20 Case 1, three years after the acute ilness,
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FiG. 3.—Case 4 in acute stage showing extensive mottling with confluent areas.

vere therefore those of an acute bronchiolitis.
The patient’s symptoms gradually improved over a
wriod of six weeks, at the end of which time he had
ceovered and skiagrams showed the lung fields
o he quite clear. One patient in.1941 died after
£ tays’ jllness, but unfortunately no necropsy was
w ormed. Except for the electrical mechanic, the
.. nen of the technical staff showed no evidence
W . sease in their lungs at this time.  The clectrical
» hanic (case 2 Castleden and Hamilton-Paterson,
was: 12 this paper) had repcated acute respiratory
i~csses which progressed to a chronic condition.
i.. inally died in 1944, and necropsy revealed chronic
+ achiolitis and bronchiectasis. These cases give
.ong evidence that a specific disease manifesting
+..if by acute bronchiolitis, collapse, and pncumonia
na. occurred in the lungs of men who handlc
~agasse.  The case histories of the ten men described
atove who shawed specific discase follow.

L 4
Case k. G.J.,aged 28.  He had worked for one year
u the South Wales coalficld. three years in a rabber
fuvtory, and six years in the regular Army betore joining
the firm handling the bagasse in June 1938 as a labourer.
He worked on the shredding machine from December 1st,

1939, 10 January 29th, 1940, when he was taken ill. ¢
was admitted to the Brompton Hospital on March 16th,
1940, under Dr. W. E. Lloyd, complaining of shortness
of breath, cough with purulent sputem, which was
streaked with blood on one occasion, sweating amd loss
of weight. On examination he had a fever to 101},
which persisted for three weeks. " There were impaned
percussion note and many coarse riles scattered though-
out both lungs. Xeray of his chest showed o diffuse
mottling with somc confluent arcas scattered thioughout
both lungs. There was considerable fular ciareement
(fig. ). Further x-ravs ahen on Apnl I5th, Moy oth
and July 20th showed thin the process sapidiv cleaned
On July 15th, 143, he was well, but odib sathered
from some shortness of hreath and cough. He had ne
abnornal phasical sigos and -y of s ches revealed
o aabnormality dig. 0.

Case 2. W, Doaged 65, He had worked as o newss
paper roundsman, a dock labouter, mothe Meichant
Navy, in the Army, and as a builder’s Labouarer betore
Jomng the tirmip September 1937, He worked as o
labourer until December 1939, but in that menth and
January 1940, when he was tiken il he worked on the
shredding machine,  He was cdoticd to the Central
Middiesex Hospitad under Dr. HL Joules on Aprd 25th,
1940, comphining of shortness f breath, cough with 4
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Fi, 4 - Case 4: three sears after the acute iness.

considerahle amount of Stiond spuium, and progressive  of breath, and had a cough with black stringy sputum;
Joss of acight.  On cvammaton hisapes heat was not no haemoeptssis and no pain.  He was in bed for 3 weeks
Jispiaced, his pulse rate 2% hlood pressure 150 105 with a temperature up to 103 F. for 3 daxs. Anx-ray
There wus sheht thickeny of the peripheral arteres was taken of his chest at Wembley Hospital on May 29th,
aid his aortic second sound was acentuated.  He was 1941, and this showed mottled opacities scattered
craiosed and dispnoeie: the perctssion node was®  throughout both lungs, their frequency being greater on
pormal und the treatn sounds veactlar.  Crepitant the right side.  On September 23rd, 1943, he was quite
rades and occasional rhonchs werc heard 4ll over the  well, working at the degreasing ot metal sparking plugs.
Cheel. His sputumisw s pogatine for vubercle bauitli and. He had no ssmptoms, no abnormal physical signs, and
jung tibres. The blood wedimentation rate was 4, and 7 an \-ray showed no evidence of discase in the lungs.

his Sood count showed no ahnormalit. Neray of his Case 4 A.W. aged 3. He had worked as a farm
ches on Apnb 27th. iodo. showed o dittuse il pibourer and in the Army until he joined the firm on
motthny seattered  thronshout both - lung tickls. By Juiv 9th. 1940 He then worked on the shredding
Ay 24, 190, Tins had winstantiath cleared. and on - athine “untit August 22nd. 1940, when he was taken
Jupe 4t 90, e was discharged. Forther Neras Al He was admitied 1o St “Charles Hospital, Ladbroke
taken on September Sthe 140, and Julv 3. 1943 Grove, on August 28th 1940 cdmpliininé of severe
renealed no abpormatits, altheueh he sl complamned cmrgh'\\ilh ‘pu?uk‘m- spfmlm shortness of breath and
o u sovere winter cough with theek black sputumeand  pight sweats for two weeks,  On examination there were
on examinatio there were seaiiered crepitations through- scattered riles over both bases and rhonchi at the left
out both funes. apes.  He had clubbing of the fingers. During his first

Case 3. T. b aged 290 He had worked as a pit= weeh in hospital he had a feverup to 100-5 . Examina-
head worker in Scotland tfor S sears, and had then been ton of his sputum <howed no tubercle bacilli. X-ray
unemplosed unul he joined the tirm on January 21st, ol hischest on August 28th (fig. 3 <howed very extensive
1930, He worked as a Labourer until March 16th, 1941, mottling with some confluent arcas throughout bot
and then worked on the shreddine machine untit he was  lungs.  X-ray examination on Sceptember 30th, 1940,
taken il on April 27th, 1941, He was estremely short showed that this process had almost cleared, and he was
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hscharzed from hospaal o Nowamber 3nd, 1940, On
v 13thy 1943, he s well, but sall complained of
ome ~hortness of breath, On exanunation there were
10 abooreial phsstcal signs Neray of his chest revealed
a0 abneraahie (ne

Case 8. S, B aged H00 He had worked as a building
abourc: anul he joined the tirmy on July toth, 1940,
He woined on the shireddhony machine trom July 1oth 1o
Septerber Ist, when lie wies tahen il He was admutied
o Willesden Goene:al Hospatad under Dro Pearse
Willims, complainaz of cengh with a smadl amount of
muco-salent sputum, siostness of breath and sweating
for 2 twuke. dind stigh redant foss of waight, There was
10 history of fcmoptesis, - On exanumation there was
mpat od vercussion pote and many rales throughout

soth urpei zobes. Sperun contained pus and showed
mumtroes acid-fast ool O calture streptococes
viridains,  staphyiococous  aincus  and  microcoeaus

catarrnalis were present. Il Rolan Williams reported
onan s-rax fohen o Sepromber 2o 1940, as follows:

Bilateral ditluse parcochymal inflammators chinges
both mid and fower sones. the upper sones being rela-
tivelv clear. Probabhy o ditluse bronchogenic tuber-
culoris. Dr. Roban Withane sugeosted the possibility
of i vocupationul cuese tor the appeatances. The
paticrs .as seen by the Fuberealosis Otticer who agreed

fia. S,
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that he was suflering (rom pulmonary taberculosis, and
he was admitted 1o Clare Hall Samatonam in November
1940, His symptoms had disappeared by then. His
sputum contained no tubercle bacilli, and an x-ray taken
on Novemiber 20th, 1940, revcaled no abnormiabits, He
was examined on July  15th, 1943, when he was quite
well, had no abonormial physical signs, and an x-ray ol
his chest resealed no abnormality .

Cise 6. 1S aged 450 He had worked on the roads
and raitways in freland, and tor 10 sears as a window
cleaner in England betore he started working on the
shredding machine on October 12th, 19400 He con-
tnued to work on the machine until. Nosember 20th,
1940, when be was taken il He attended the Brompton
Hospitl on December Tith, 1990, complaining ol
severe shortness o breath, cough with much sticks
putilent sputum, swaating, and loss of waght. On
exanunation there were many scattered ritles throash-
aut both fungs. Neray showed a diftuse soft mottling
throughout both tungs with some contluent arcas. He
was admitted o the hospital from Junuary 3rd. 1941
to February 19th, 1941, when he was tound o have
low grude tever 10 100 F. which guickly subsided:
N-riy csamination on bebruary 19th showed that the
changes had completehy  disappeared. On July  15th,
933 he was well with no symptoms. no abnormal

Civse B showing scattered motthing, conflacnt arcas, amd enlarged hitar glands.
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Fii. 6.- Case &, three vears after the acute ill

physical signs, and there was nothing abnormial on x-ras
onamination. ' s

Case 7. W Hoaged 380 He worked 1or Sacars as a
cotlier's assistant in the South Walkes coaltield, and for
1% vears as o platckiver on the London, Midiand and
Scottish raitway before joining the firm in October 1940,
He worked from then until December 23rd. 1940, on
the shredding machine when be was tihen ilb with fever,
“hortness of breath, cough with a small amount of sticky
sputum, and foss of werght. He attended the Central

“ Atiddlesen Hospital on February 27the 1941, when he

was found o have no abnormal physical ®igns,  An
aeray was tahen, and this rescaled shight muliary motthing
satttered throughout both lungs with enfargement of the
hilar glands.  On September 205t 1943, he was in the
Army.  He had no ssmptoms, no abnormal physical
signs, and a-ray oxanination of his chest showed no
abnornuility.

Case 8. 1. Paged 310 He worked in the motor
engineering trde, i brickyards, and as a builder's
faboarer, before joining the firm as o kabourer in
October 1939, He worked on the shredding maching
from Scptember 1930 10 January 25th, 1941, when he
was taken il He attended the Northampton General

! -
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ness..

Hospital under Dr. Eric Shaw on February 25th, 1941,
complaining of cough with thick phlegm. shortness of
breath, fever, and loss of weight. There were signs of
consolidation at the base of the right lung. An x-ray
showed 'scattered mottling throughout both lungs with
some confluent areas and cnlargement of hilar glands
ttig. ). He again attended on June 18th, 1941, when
v-riay showed no abnormality.  On Julv dth, 1943, he
«till complained of much shoriness of breath, cough and
sputum, but an x-ray of his chest showed no abnormality
in the lungs (fig. 6). ‘

Case 9. W. W aged 30. He had worked for a few
months as an assistant’collicr in the Sputh- Wales coal-
field, and then as a builder’s labourer before joining the
firm. He worked on the shredding - machine from
January 20th, 1941 to February 22nd, 1941, when he
was taken ill.  He was admitted to Wembley Hospital”
on March 6th, 1941, with severe shortness of breath and
cyanosis.  There were scattered patches of consolidation
with bronchial breathing and coarse ralkes at both bases.
On March Hith, 1941, there was a pleural friction b
over the right lower lobe.  He was treated with oxypen
at 6 litres a minute through a BLB mask, but the disease
gradually spread and his condition deteriorated:

ey -
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«as considercd to be too ill for x-ray examination, and
ded on March 19th, 1941, There was no necropsy.
Case 10. S. N., aged 21, (Case I, Castleden and
familton-Paterson, 1942.) He had worked as a fish-
oy and milk roundsman before joining the firm as a
abourer on Scptember 1ith, 1939, He worked on the
sredding machine from March 21st, 1941, to April 21st,
1941, when he was taken ill.  He was admitted to Red-
hill County Hospital under Dr. Castleden on May 4th
with increasing shortness of breath and a cough with
scanty sputum, sometimes blood-stuined.  His tempera-
ture was 100-6 F. on admission and he was febrile tor
19 days. He was orthopnocic and cyanosed: chest
movement was poor, the percussion note was impaired,
and there was distant bronchial breathing in small areas
at both bases. The sputum contained M. catarrhalis,
streptococcus viridans and fusiform_bacilli.  Staphylo-
coccus aureus and pneumococcus Type 4 were cach
grown on one occasion.  No tubercle bacilli were found.
Blood count showed 4,610,000 red rells per ¢.mm.,
78 per cent. haemoglobin, 11,300 leucocytes per c.mm.,
83 per cent. neutrophils, 14 per cent. lymphocytes, 3 per
cent. monocytes, and no eosinophils. X-ray on May 5th,
1941, showed extensive consolidation in hoth lower lobes
with marked enlargement of the hilar glands. X-ray on
June 15th showed some extension of the process, but
on July 5th there was marked clearing, and by August
29th the lungs were completely clear. On August 27th,
1943, he was well and serving at sea with the Royal

(8
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Navy. He had no symptoms, no abnormal physical
signs, and x-ray of his chest showed no abnormality in
the lungs.

In 1943 all the workers in the factory were inter-
viewed and occupational histories taken. It was
found that out of 163 men emiployed 22 had worked
in the coal mines. A portable x-ray apparatus was
taken (0 the factory and a skiagram (FS in,
12 in.) was taken of the chest of all the workers,  Of
the 22 men who had previously been employed in
the coal mines 19 showed evidence of chronic
pulmonary discase, ranging through all stages of
fibrosis.  reticulation,  nodulation and  massive
shadows. Three of these men, two showing fibrosis
and one reticulation, had also worked on the shred-
ding machine. These appearances could be super-
ficially confused with those caused by bagasse. but
whereas the latter is an acute febrile illness which
clears in weeks or months, the former is a chronic
state with no change over many yvears.  Light cases
of pulmonary tuberculosis were also discovered.

Specimens of sputum obtained from the four men,
who were working on the shredding machine at
this time. were submitted 10 Duncan  who
isolated from them species of fungi common on the
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bagasse and in the dust of the shredder room,
Acroscopical evamination of the spustum did not
reseal evidenee poanting to myveosis, but showed the
mgicdients ol the aitborne dust. The  fungal
clements present. from which the cultures were

“obtained. represented merely the result of recent
ithalation of dust.

In 1944 1the men working on the shredder again
had shiagrams taken of their chests. One man
comphained of symptoms iond the skiagram revealed
the characteristic picture described in the previous
cises.  Attempts were mvade to persuide him o
come into hospital but he declined. and being a
citizen of Lire he returned to that country.  As far
as is known he was afebrile. It seems possible,
therefore, that the x-ray changes may precede the
onsct of the acute iliness and be caused by bron-
chiolar obstruction, giving rise to small areas of
collapse.

Case 11. ). S,, aged 50. Started work at the age of
15 as a messenger boy.  Apart from 6 years in the Army
he had worked in a bacon factory, and on buildings in
Ircland until 1943 when he came to England and started
work at the board-making factory. For the first
6 months hc worked on the beater floor in the main
building and for the 6 months previous to examination

BRITISH
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lw worked on the shredding muachine.  For 3 Month,
he had had shortness of breath on excrtion, a severe drS,
cough which was worse at night and in the carly Mornin,

He had o poor appetite and was losing weieht, ()g'
examination no abnormal physical signs were I’oum?
A skiagram of his chest showed a diffuse miliary moty,
throughout the lung ficlds, ¢

A man who had worked part of three <hifyg on

the shredding maching but had otherwis workeq
for a ycar at the far end of the factory, = dis.
covered on x-ray examibation to have :""atem
fibrosis and possibly cavitation of an unu ..y} type

in both lungs. The x-ray appearances w.,.

X k -
10 those of the clectrical mechanic already '»‘rrcz
1o as working in the shredder room in 194 Both
men were admitted to hospital for furtl. - vestj.

gation. Their casc histories were as follo - -

Case 12. T. M., aged 38. (Case 2, Casthiono and
Hamilton-Paterson, 1942.) He had worked .

until he joined the firm as an electrical ni.. ”fl:lnl(er
mechanic. In this capacity hc was interic, 'ty it
close contact with the dry crushing process 1., " m'é
installation of the new shredding machi hetween

August 1939 and September 3rd, 1940, when he o .
plained of shortness of breath, cough and scanty spyiyp,
His only previous illness was in 1935, when he wa, in
Salisbury Infirmary for a few days with acutc bronchi,,

Fii. 8.-- Case 13 showing extensive pulmonary fibrosis.
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A shiagram was not taken of his chest at this time.
He attended the Willesden General Hospital in October
1940 und Dr. Rohan Williams reported on an x-ray of
his chest. The appearances were consistent with o
catarrhal bronchitis, but no further pulmonary lesion
was noted. He returned 1o work in the oflice on
October 30th, 1940, but was away sick with similar
symptoms _from November 22nd to December 10th,
1940. In December 1940 he began 10 be short of breath
at work, and in January 1941 he was out of breath
on the least exertion. On January 17th, 1941, he
attended Redhill County Hospital under Dr. L. 1. M.
Castleden. He had clubbing of the fingers, and his
chest was kyphotic with many fine riles in all arcas of
both lungs. X-ray showed a tew apical scars and a
little fibrosis in the right mid 7onc.  In May 1941 he
was admitted to Wembley Hospital where an x-ray was
reported on as showing bilateral apical tuberculosis.
The shortness of breath increased and he was admitted
to Redhill County Hospital on November 22nd, 1941, and
did not return to work at the factory handling bagasse.
He was orthopnoeic but afebrile: the percussion note
was impaired at the left apex with bronchial breathing
and bronchophony. Crepitations were present through-
out the left lung, and at the right apex. The sputum was
mucoid, viscid, scanty, but never blood-stained. Poly-
morphs and lymphocytes were present.  Haemolytic
streptococci and pneumococci (type 23) were present.
Tubercle bacilli were not found in the examination of
18 smears. A special search was made for fungi, but
none were seen. A blood count showed 4,590,000 red

cells per c.mm., 94 per cent. haemoglobin, 10,200 leuco- .

¢ytes per c.mm., 51 per cent. polymorphs, 32 per cent.
lymphocytes, 6 per cent. monocytes, 11 per cent. eosino-

ils. X-rays showed extensive fibrosis in both upper

bes with ‘multiple cavities. He was discharged on
February 15th, 1942, with less dyspnoea. His condition
remained unchanged and he was admitted to the London
Hospital on August 16th, 1943, with orthopnoea and
markedly clubbed fingers. There was poor movement
of the left side of his chest with many scattered high-
pitched rhonchi and rdles. His sedimentation rate was
30 mm. in 1 hour (Wintrobe). His blood count showed
97 per cent. haemoglobin (alkaline haematin, photo-

" electric cell method) and 6,440 white cells per c.mm.

X-ray of his chest (fig. 7) showed marked generalized
fibrosis in both lungs and suggested the presence of
cavities. His sputum showed no tubercle, bacilli on
smear, concentration, culture or guinea-pig inoculation.
J. F. Duncan demonstrated the presence of Candida
$p.  On Auvgust 23rd Mr. Vernon Thompson performed
a bronchoscopy which revealed no abnormality. He
obtained bronchoscopic swabs from the pus present in
the bronchi. No tubercle bacilli could be demonstrated
n this pus either on smear, concentration, culture or
guinva-pig inoculation. None of the fungi common in
the - rutum of men working on the shredding machine
wer: tound in the bronchoscopy specimens or any other
Spew ens of sputum. The patient was treated with
Jarg: doses of iodides without improvement, and dis-
cho-:ed on November 27th.

I, attended the out-patient department until Sep-
ter i r 23rd, 1944, when his breathlessness became very
mu . worse, and he felt he had not the strength to
¢ - up sputum. He was therefore admitted to
he: -4l On examination he was orthopnoéic, tem-
P re 98°, pulse 110, respiration 32 at rest in bed.
H. - s cyanosed and had a dry tongue with a brown
fur .4 enlarged lymph glands in the upper cervical
&r There was a soft systolic murmur in the mitral
arc. with a triple rhythm in the tricuspid arca. His
bk..1 pressure was 105/70. Movement on both sides
ol ' . chest was poor and all accessory muscles of
fes .ration were in play. There were palpable rhonchi
ov¢r the front of the chest; percussion note was impaired
at uth apices; breath sounds were bronchial at both
apices, but vesicular clsewhere. Coarse  riles  and
thoschi were heard all over the chest.  His liver was
fult 3 finger-breadths below the right costal margin.

t
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The sputum contained multiple orgianisms with strepto-
coceus  viridans  and  pneumococeus  predominating.
Blood count: 91 per cent. hacmoglobin (photo-clectric
cell), 13,900 Jeucocytes, 90 per cent. polymorphs, 2 per
cent. eosinophils, 7 per cent. lymphocytes, | per cent.
large  hyalines.  X-ray of chest showed no marked
difference from previous a-rays.  His condition steadily
deteriorated and he died on October 16th, 1944,
Necropsy revealed much thick pus and injection of
mucosit in trachea and main bronchi. The posterior
two-thirds of the upper lobe of the left lung was greatly
contructed, airless, anthracotic and tibrotic, showing
smooth rubbory, mottled grey and black cut surfaces
and considerable bronchiectasis up 1o 03 ¢cm. diameter
with a few bronchicctatic cavities up o 1 cm. diameter.
These cavitics were empty and had smooth grey linings.
There were thichened diluted bronchioks up to 0-3 ¢cm.
diameter throughowt the anterior third of left upper lobe
and throughout lower lobes of both lungs and right
middle lobe, with much intervening well acrated emphy-
sematous lung tissue.  There were large arcas of severe
emphysemia with emphysematous bulkie in all borders of
lower and middle lobes of both lungs. There were
numerous irregularly shaped, grey and black mottled,
tough mostly subpleural patches up to 3-5 ¢cm. broud of
completely fibrotic lung tissue with a smooth rubbery
cut surface throughout the upper lobe of the right lung
affecting all the lung tissue in the apex and almost all

“of the posterior tifth of the lobe, but with a considerable

amount of well acrated intervening lung tissue in the

rest of the lobe. Similur arcas of fibrotic pneumonia _

formed an interrupted irrcgutar subpleural zone 12 cm,
long with depth varying from 0-2 to 12 c¢cm. in the
posterior part of cach lower lobe, and also patches
IS cm. broad near the hilum of cach lower lobe.  Thick
whitc pus was present in many bronchioles throughout
both lungs. Numerous areas of fibrous thickening, up
to 0-2 cm. thick, of the visceral pleura covered both
lungs. Fibrous pleural adhesions obliterated both
pleural cavities except over part of the left lower lobe.

Professor H. M. Turnbull is working on the
pathology of the disease and when the work is com-
pleted will publish a full account of it in this journal.

Case 13. T.K. aged 42. He had worked on a farm
and as a cellarman in Ireland before he joined the firm
in July 1938. He worked in the packing department
and on the ‘ defibrator’ in the main factory, and on
three occasions he worked part of a shift on the shred-
ding machine. He complained of no symptoms, but in
the mass radiographic examination of the employees on
September 10th, 1943, he was found to have extensive
fibrosis in the mid zone of both lungs (fig, 8). He was
admitted to the London Hospital on November 23rd,
1943, and tomographs suggested the presence of cavijties.
Sputum examination revealed no tubercle bacilli on
smear, concentration, culture or guinea-pig inoculation.
Mr. Vernon Thompson performed a bronchoscopy on
December 6th, 1943, and took swabs from the pus in
the bronchi. Examination revealed no tubcrcle bacilli
on smear, concentration, culture or guinca-pig inoculi-
tion. None of the fungi common in-the sputum of
men working on the shredding muchine were tound.
The patient was discharged on December S8th, 1943, and
his condition has not changed since then, i

Nonge of the fungi common in the sputum of men
working in the shredding room were found in these
two men’s sputum. It may be presumed that _\\h\‘ll.
they and the other men were exposed 1o the dust of
the shredding room, their sputam and probably the
larger bronchi contained numerous inhaled fungus

_spores.  We have no evidence of survival of any of

the fungi in the lungs of men after removal from
exposure to the atmosphere of the shredding room.

These two mien were less exposed to bagasse than
those who developed the acute infection desceribed
in cases 1-10; nevertheless they were exposed and
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thew hetones and chimeat imvestigations are oot
tpicat obany koowo discise of the ungs, Case 12
had e aewte tespinatony lness G the commence-
ment nd thoueh no sharoames e availible of his
feares at that tune the watarad chionic sequel to an
Sente ronchiohns amd pocumoma would be chronie
bronchiohins and broncluectasis, and this s the
candition that was tound s Juupes at necropsy.,
Pathologicals tins chvome Bronchrobitis and bron-
chicctiss does not diller trome that ansmg in
chrome mterstitn] poeomoma, but the distidbation
b s case imvobvige the upper lobe particabarly
posteriethvand cansine woueh subpleusal patchies
of gibtone line was most umisual eseept i the
discases catsed by dust e secus probable, there-
fore, that it was a chrome sequel 1o discase in the
tonge caused by baguisse,

Phe two cases reported Iy Jamison and  his
colleagues (121 and BRD, the twelve cases reported
by Sodenuan and Pallen (19493 aod 1944, and the
ten cases reported here are all sinilar, and show
dalmost conclusnely that bagasse dust can give rise
to acue bronchiohitis and ppcumoni. Qut of the
24 cases there werd iwoe deaths, a mortaliny rate of
43 per ocent. Heve, theretore, s an industrial
disease with senous complications, ‘

Fhe ovact actology  of the discase. however.,
remains obwseure. There are undoubtedy a great
numy fungt present in bagasse and Duncan has
recoverad sinuidar Tungi from men who have worked
on the shrediding machoe, but there is no evidence
that any particular fungus has caused the syndrome
which s desenibed: neither is there any evidence
that the discase has been caused Iy any specitic
bacterm orvirus, o o be noticed that acid-rast
bacidl were tound in the sputum i case 5. and the
vase deseribed Iy Jamisen and Hoplans (1941, It
s possible that the disease s caused by the irvitation
of the dust ityll in the bronchioles, giving rise o
an ainflammateny reaction, but this hardh seems a
sansfacion explanation, .

Funge may play an maporant role in breaking
down the abre mie a very fine yvegetable dust, and
may posablhy oven render this tovie. Faweia
(13N has deseribed o condition which he labelled
“larmer’s lung’ This disease s caused by in-
kalaton of a fine sepctable dust from moulds has
amd it smpromato oy and nadictogical findings
i chosedy reseribies Byvaanoss s wedl as the con-
ditien deseribed an this paper as caused by bagasse.
A vl disease ovcurs an horses and s Anown as
Thioden winde Thew Toar discases so closeh
rosemite cach other thut they nuay possiiy belong 1o
AR RTOUP W L common pattolom.

Nean Sehnier are Carunetd s desenibed an
acuie feble CNCETTTS O ATIONE WO RCTS
CAPOSCE L0 TRE COTOOIT Ao O sLaiiad Cotton

st ATTough these satnosy aaebated  this

disease to the presence of a gram-negatis - ud
shaped bacterium, it is possible that this ., ase
also resulted from the line vegetable dust cro i in
the pracess, or from the breakdown of +. - “ble
matter by the organism deseribed.

Prevention
In the spring of 1941 the process of breai. - - the
bagasse bales had been rendered wet by a e of
water 1o allay the dust. Exhaust ventiln: wag
also installed. Since that period only on “urthep
cise of the discase has been observed.
Sununary
An account is given of 11 cases of acute |- nchie.
liis and preumonia arising from the inhal.i.on of
bagasse dust.  One of these cases was fatal Yevere
dyspnoca, cough with scanty sputum and Cuasiong)
hacmoptysis were the usual symptoms.  There wag
a characteristic x-ray appearance which st.:weg
miliary mottling scattered throughout both lungs
with heavy shadows at the hilum. -

Reference is made to 14 similar cases described-

in the literature, among which there was also one
death.  The aetiology is uncertain but the disease

was most likely caused by fine vegetable dust. Twg

workers who had been in contact with the bagasse
developed extensive fibrosis of lung, and one of
these subsequently died. Necropsy revealed chronic
bronchiolitis and bronchiectasis.

The method of prevention suggested is to allay
dust and to handle bagasse in a moist state.  Exhaugt
ventilation is also desirable.
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BAGASSE e
The erushed remnants of sugarcane stalks from which'the sugar-containing juices
have been extracted are known as bagasse. The term was originally applied to the
refuse from olive oil mills in Provence, France, but it i§ now restricted to sugarcane
residue.  'When sugarcane reaches maturity it is cut, the leaves are burned off, and
~ the stalks are taken to mills where they are chopped or shredded and pressed by large
rollers (o extruct the juice. The use of pressure rollers and water as a solvent results
in the yemoval of 90-98%% of the sucrose from the sugarcane; the fibrous material,
bagusse, enntaining the eruched, chopped stalks and dirt, is left. ’
Bagasse viries in color but is generally a dirty-gray yellow to pale green. It is

bulky and quite nonunijorin in particle size.  These variations are influenced by the
variety of eane and the type of milling equipment. The bagasse from the most
elfjeient mills is wennthy pather thoronghly broken up, and the particles average an
Voi. 3 BALASDE 3
tuch or less in length. The usual composition front the mill is about 4597 insoluble

solids or erude fihor, 65¢ soluble solids, and the remainder moisture.

Properties

Physically, bagasse is composed of two distinet eellular constituents, the thick-

walled, relatively long, fibrous fraction derived primarily from the rind and to a lesser

4 degrec from the fibrovasenlar bundles dispersed throughout the interior of the stalk,

and a second pithy [raction derived from the delicate, thin-walled cells of the ground

tissue or parenchyma of the stalk. The thin-walled pith cells in the living cane store

the sucrose-containing juice; the objective of the mill operator is to rupture as many
of these cells as possible to extract the juice they eontain.

The approximate compositions of Hawaiian whole bagasse, the fiber fraction, and

the pith fraction are given in Table 1 (1). Unfortunately no exact method of meas-
uring the pith and fiber fractions in bagasse is available. Depending on the cane
variety and, more particularly, on the diameter of the cane stalk, the pith content
i ranges from 35 to 459, by weight of the moisture-frec bagasse. :
’ The composition of the ash is important if the fiber is used for pulp. A high
silica content will cause fairly high losses of caustic soda in the kraft or soda pulping
processes; large amounts of iron and aluminum also complicate chemical recovery and
may cause problems in bleaching; calcium may cause sereen blinding on the papermak-
ing machines.

Bagasse fiber is similar to cotton or wool fiber in that it has a spiral structure (2).
The fibers vary from 1.0 to 4.0 mm in length and from 0.01 to 0.04 mm in width (3,4).
The fiber dimensions vary with the kind of cane from which the bagasse is obtained (5).
For comparison, Douglas-fir fibers average 5.0 mm in length and aspen fibers average
1.3 mm. Another important consideration for papermaking is the length-to-width
ratio of the pulp fibers. The ratio for bagasse fibers varies from about G0 to 80, a
ratio that is similar to that found for softwood fibers. Thus under ideal conditions
paper made from bagasse fiber might approach the tensile strength, bursting strength,
and folding endurance of paper made from softwoods (6).

Health Factors. The dust from bagasse that has been stored outdoors and be-
come dehydrated and degraded from the effects of microorganisms, heat, and exposure
is capable of producing a disease called bagassosis. Bagassosis, a respiratory disorder
similar to pneumonia, was first recognized in 1937. It is caused by inhaling the dust;’
however, contact with fresh bagasse immediately after the juice-extraction process or
freshly baled material has not, insofar as is known, produced disease. The disease
is not completely understood at present, but it must be regarded as a potentlal hazard
wherever stored bagasse is used for manufacturing (7).

Uses

One of the uses of bagasse is as a fuel in the sugarcane factories.” Since it is quite
bulky and high in moisture, special furnaces are required. When burned efficiently
it produces about 2700 Btu/lb; one ton of bagasse containing 499, moisture when
burned with 1009, exoess aiftis about equal in fuel value to one barrel of fuel oil (8).

For Lagasse to be used in manufacturing it must be stored varying lengths of time
to provide a constant supply year-round. Inthe continental U.S., sugar mills operate
for less than three months a year, thus large quantities of bagasse must he spored
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Thble 1. Chemical Analyses of Hawalian Bagasse and Bagasse Frautions, ™" v;

. Aleohol Cotrreled Feoo o
Variety and Hot Holo- alpha- s j
of sugarcane Fraction Ether benzene water  Pentosang  Lignin - cellulose  cellulose Totad =i, ALy, Caleinm <A
44-3008 whole 0.3 3.5 2.6 271 21.6 6.0 38T 1.43 0.75 0.3 0.10
fiber 0.08 . 1.6 0.43 25T 22.0 6.0 12.5 0.63 050 0.0 0.03
pith 0.2 2.5 1.6 28.7 21.5 6.8 3.3 2.0 1 04 0.39 0.11
37-1433 whole 0.4 4.7 « 2.2 27.3 19 .4 76.8 358 1.25 067 0 0.07
: fiber 0.08 1.7 0.36 28.4 20.3 .7 4201 0.82 0.52 0.15 0.06
pith 0.2 1.9 2.6 28.8 19.5 8.1 34.3 1.83 1.05 9,22 0.18
38-2015 whole 0.4 3.6 2.4 26.1 19.4 78.3 38.8 1.96 0.38 0.47 0.03
fiber 0.14 1.8 1.4 2.9 20.0 .0 13.3 &471 0.36 0.13 0.06
pith 0.3 1.7 2.3 287 19.3 79.4 36.4 2.36 1.08 0.4 0.2%
$2-K560 whole 0.13 1.6 2.7 25.8 20.6 5.2 36.5 1.97 0.74 0.34 0.20
fiber .18 2.1 1.4 - 2.5 21.0 6.9 41.9 0.686 0.28 0.04 0.06
pith 0.3 3.0 1.0 27.6 0.6 7.6 33.1 1.5¢ 0.96 0.3% 0.17

Courtesy of The Journal of the Technical Asxociution of the Pulp and Paper Industry.
“ Al duta are on a moisture-free basis. : ¢ SolubilrMutu are a meusure of the wax, fat, and sugar content.
¥ Methods for the determination of pentosans, lignin, holocellulose, and ¢ Ash content is of interest if the bagusse is to be pulped.
dpha-celluluse are empirieal; therefore, the analyses da,not total 1007,
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Conversely i Hawnil the mills operate for 8 12 months a year, =0 little bagasse has
tor be stored and 1or but sliort periods of time. E

A bagusse ix a very perishable commodity, if it must be stored, special tech-
nigues st be used to preserve it Lo the US. the hagasse is baled and stored out-
doors in piles scientifieally construeted to allow ventilation and drying, and it is
trected in the pile with fungieides.  The top of the pile is covered with metal sheeting
to keep out rainwater, Nataradly developed acetie acid fermentation during the carly
munths of storuge induces sufliciently high futernal temperatures for effective sterili-
watim, reduees saaar eontent, atrd renders the fibers more suitable for further proc-
exsing,

In South Ariea bagasse fiber is preserved by slurrying the mill-run material with
water containing a patented eulture of microorganisms. The bagasse is then stored in
huge piles outdoors which are kept wet by recireulating the pile drainage. A process
ensues which is similar to the retting of flax (sec Linen), and it destroys most of the
nonfibrous material.  The fibrous residue is used for pulp produetion. A similar
process employed by w Cuban pulp mill used ordinary river water.

The main problen: hagasse presents to would-be users is the intimate association
of the two fractions, the fiber and the pith.  Most uses depend upon an economical
method of separating the two parts for further independent processing.  In the past
the great. difficulty of separation limited the use of bagasse to uses such as fuel; how-
ever, satisfactory methods of separation have noy been developed (5,9). During the
past decade a great deal of work has been done on bagasse utilization, including
methods for the separation of the pith and fiber fractions. The process developed at
Louisiana State University is now used in bagasse paper mills in Argentina, Brazil,
Cuba, Egvpt, and India. Another process (the Rietz method) developed by the
Hawaiian Sugar Planters’ Association and the Crown Zellerbach Corporation is used in
Hawaii. Separation methods are not 1009 effective and the material which is
actually used in most of the bagasse pulp and paper mills is & mixture of fiber with
some pith present. The pith, since it is nonfibrous, does not contribute substantially
to the quality of the resulting pulp and does increase chemical consumption; con-
sequently gnost bagasse users make it a practice to climinate as large a percentage of
the pith as is possible. .

Several methods of depithing bagus.c have been developed. They follow two
general categories, wet and dry. In some systems the bagasse is first shredded or
mechanically abraded to break the pith-cell clusters free from the fiber, and then
it is screened. Other processes employ a continuous shredding and sereening oper-
ation. Two methods (3,9) permit continuous separation of pith from mill-run
bagasse containing about 509, moisture. Other methods require drying of the
bagasse prior to depithing.

With separations involving a shredding or abrasion process followed by sercening,
the operation is difficult because of screen blinding. The methods previously men-
tioned for depithing (5,9) permit, continuous separation either wet or dry; both have
found some commercial acceptance. Keller (3) recommends an initial depithing of
the mill run and the use of pith as fuél. The second and final depithing is done with
water to remove solubles and to obtain a cleaner fiver.  Ihe hagasse fiber can be
processed by any of the econventional methods.  The Ghor is very easily pulped and
requires a raiher gentle treatment as compared to that used for pulping wood and
similar materials. ‘
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At present paper of various grades is being made from 100%, bagasse in Argentina,
Brazil, Cuba, Colombia, India, Fgypt, South Africa, Puerto Rico, and the United
States, to mention but a few. .

Thus the development of an efficient method of separating the fiber from the pith
has contributed to an important use for bagasse. The pith fraction resulting from the
separation i used as a fuel and as an aid in juice filtration.

In the state of Louisiana about one-fifth of the total production of bagasse is
used in the manufacture of structural and acoustical wallboard and other building
products (10); hagasse is also used for this purpose in Hawaii, Australia, and Formosa.
Other uses for bagasse are in the manufacture of agricultural mulch and litter (personal
communication from L. Godehaux I1I, Godchaux Sugars, Inc.), and in plastics (11).
Pith, due to its absorhent qualitics, has been used in the manufacture of dynamite
and as m1 absorhent for molasses in cattle feed.

A problem for the pulp manufacturer is the damage to the eane fibers by the
juiee extriwetion process; the macerating effect of the rollers breaks a large number of
the fibers.  Investization of new ways to extract the juice which would not damage the
fibers would he most profitable.  Another area of research which would yield better
papermaking properties is the development of new varieties of cane. Quite a vari-

ation in fiber length from one variety of cane to another now exists. Thus, if a new .

variety conld be developed which would satisfy sugar production requirements but
have greater fiber length, better papers could be made from the bagasse.

¢
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FFATTENING OLD UULUICKS—IL LEVELS OF ROUGHAGES AND
MOLASSES AND THE EFFECT OF ADDING BAGASSE, »

By
Najaf Ali“}han, A. Q. {Qa:i and Burch H. (Sclmcider

(Reccived for publication on 12th May, 1962).

farm animels in a country. This is certainly no less true of

Pakistan than of other nations. The value of livestock should be
judged from their productivity. The present low production of Pakistan’s
livesteck, among other things, is attributeble in part to the fact that
large numbers of animals are being maintained on too low a level of feed-
ing (Alj, 1958). In Pakistan, cattle brought to slaughter houses are most-
ly victims of malnutrition and overwork. They are often very debilitat-
ed, hidebound in condition, and generally not suitable for human con-
sumption. The meat thus obtained is of poor quality and possesses low
nutritive value. This is the source of the beef eaten in this country. To
increase the production of becf animals and thus add to the very
stringent supply of human food and to increase the general production
potentialities, it is desirable that before slaughter, old bullocks (oxen)
be fed at a higher nutritive plane on easily-available, balanced and cheap
feeds. :

N‘ ATIONAL economy is always interlinked with the economy of the

Commerecial fattening of different kinds of livestock is not a common
practice in this country. However, fancy fattening is sometimes ob-
served, where people feed their animals lavishly on very costly feed
stuffs, like gram, ghee (butter oil), etc. These animals are selected and
kept for sacrifice for festive occasions. In doing this, the question of
economy is totally overlooked. A successful attempt towards commer-
cial fattening of sheep was first made in Pakistan at the College of
Animal Husbandry, Lahore, in the year 1955. The purpose of this study
was te find out efficient and economical rations suitable to the arez
(Ali et al, 1956). Later, in 1958-59, fattening of old bullocks was suc-
cessfuly carried out at the College (A. N. Scheme Prog. Rpt. 1960, Akram
et al.,, 1961).

This experiment on “ Fattening Old Bullocks” was designed by the
staff of the Animal Nutrition Scheme, College of Animal Husbandry,
Lahore, and was conducted at the Gujranwala Sugar Mills, Rahwali,
during the sugarcane crushing season, in order to demonstrate on the
spot o the governing board and staff of the Mill, and to people in the
surrounding villages, as well as to obtain data of value to the entire
nation, the feasibility of fattening old bullocks with rations containing
mostly ingredients that often are not considered good for cattle feeding.
The objects of this research were to study the utilization of the byproducts

Past 1 has been published in ** Agri Pakistan ** Vol. XI11 No. 1 1962.

Agric ¥akistan
g‘lrséf):as’?—/of, 1962 89



AGRICULTURE PAKISTAN [Vol. XIII, No. 4

of the mill, the molasses and the bagasse—as cheap, mill byproducts, to-
gether with other cheap local fecds such as rice bran, rapeseed (torin)
oil cake, cottonseed cake, and rice straw in the villages and in a planned
experiment in which old bullocks were fattened.

For 2 years, a committece assisted the Gujranwala Sugar Mills,
Rahwali, in plans to market the molasses and demonstrate methods to
other mills in the country. The committee consisted of personncl from
the Mills, The Department of Animal Husbandry, The Village AID,
College of Animal Husbandry, US AID, and Washington State Univer-
sity. Thig rescarch and demonstration was financed by funds contribut-
ed both by the Animal Husbandry Department and by the Gujranwala
Sugar Mills.

Before the start of the bullock-feeding experiment, a survey of the
livestock feeding practices of farmers in Gujranwala and Wazirabad
Tehsils was made. The feeds included in the rations used in this ex-
periment, except for the molasses, baggasse and rice bran, were those-
commonly fed to cattle in the area.

Review of Literature:

Information on fattening of bullocks in this country (Lander, 1949)
is scanty. Little or no research has been done on this subject. Most
of the information on fattening cattle comes from western countries and
thus mainly deals with younger animals. Also, many experiments in
the United States, particularly, deal with the feeding of cereal grains,
etc., that are not abundantly available for livestock fattening in Pakistan.
However, Beeson and associates (1953) of the Indiana Agricultural
Experiment Station developed a “Supplement A” for fattening cattle,
especially designed to be fed at lower levels with low-grade roughages
such as ground corn cobs, which also gave excellent results with some
other poor roughages. This supplement, after modification, consisted
of soybean oil meal 650.5 pounds, cane molasses 140.0 pounds, steamed
bone meal 52.0 pounds, cobaltized salt 17.0 pounds and Vitamin A and
D cdncentrate 0.5 pounds. Three and one-half pounds of this supple-
ment per head daily were recommended for feeding with roughages.

Akram et al. (1960, 1961) of the College of Animal Husbandry,
Lahore, in a fattening trial on old bullocks, found no significant
differences when they compared cottonseed hulls with wheat straw, and
maize grain with molasses. Protein was supplied by 40 per cent of un-
decorticated cottonseed cake (whole pressed cottonseed) in the raticns.
In their six groups, average grains of 1.5 to 2.7 pounds perhead daily
were obtained.

A discussion of the different feeds included in the rations used in
the present experiment follows:

. In the proceedings of the Fifth Convention of the Sugar Technolo-
gists Association of India, 1936, Chaturvedi deplored the fact that al-
though other countries fed huge quantities, hardly anything substantial
had been achieved toward the utilization of molasses as cattle feed in
In@is. Now, 26 years later in Palistan, almost the same situation still
exists,

9
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Molusses can be fed as a supplement for pasture or in any ration
requiring more encrgy. This results in more fat, better “marbling " of
the flesh, slightly higher dressing percentages and higher carcass _grades.
In time of drought, when pasture forage is scarce, there is noticeably
greater consumption of molasses, if it is available. Self-feeding cane
molasses produces rapid gains and better finish (Skinner and King,
1915 ; Gerlaugh, 1930 ; King, 1931 ; Henke, et al. 1940 ; Wayman et «al.,
1952 : Scott, 1953 ; Wayman and Iwanaga, 1956 ; Poats, 1957).

In the Animal Nutrition Scheme, molasses in lamb fattening rations
fed at levels of 8 per cent. and 16 per cent. compared favourably with
maize grain (Ghauri ct al., 1162). In a former experiment with bullocks,
the differences among rnaize, molasses and a mixture of maize and molasses
are not significant. ~ This is of economic interest, because of the wide
disparity between the prices of maize and molasses (Akram et al. 1961,

1962).

The pgreatest value of molasses is an appetizer to encourage animals to
eat unpalatable feeds and poor quality roughages. Molasses is a good
source of energy, a carbohydrate feed that is greatly needed in the proper
feeding of livestock in Pakistan, substituting for the cereal grains which
are required for human food and cannot be used in large amounts in ani-
mal feeding. Suitably used, molasses could be the means for greatly in-
creasing the production of the human foods of animal origin such as meat
and milk. The literaturc pertaining to molasses has been amply review-
ed in previcus publications from the Animal Nutrition Section, College of
Animal Husbhandry, Lahore (Schneider, 1959 ; Akram et ¢l. 1961 ; ibid.
1962 ; Ghauri et al. 1962).

Molasses can be fed on roughage placed in outdoor mangers (King
et al. 1956). If diluted molasses is poured over unpalatable Toughages,
the consumption of such roughnge can be increased (Olson, 1928).
Molasses can be mixed with che ped: or ground feeds. If very abscrbent.
materials such as finely-ground, dried bagasse pulp are used and are
brought into proper contact with warmed molasses, better blending cccurs.
The best results are obtained when molasses is substituted for up to 25

to 50 per cent of the carbohydrate concentrate, with provision for main-

taining adequate nitrogen intake either by supplying adequate protein
concentrate or by the use of urea (Heideman, 1954).

Mixing molasses with highly absorptive materials, if properlv and
thog'oughly done, forms a dry, non-sticky feed that can be handled in bass
or in bulk without the use of tanks. Mol sses is too hygroscopic to be
dehydrated, stored and fed in dry form without it being absorbed by
some fibrous, finely-ground, dry base. Dried molasses is usually made by
adghng molasses to an absorbent material and then the bulk molasses feed
dried in a drum or spray-drier (Heideman, 1954). Various -carrving
agents suitable for absorbing molasses include finely-ground, dried bag-
asse, bagasse pith (or pulp) Jucerne meal, wheat bran, rice bran, hominy
feed, beet pulp, soybean oil meal, palm nut meal, oat mill feed, ground-
nut h_ull.s, sesame hulls, straw, chafl, dried blood, pulverized limestone,
maize oil meal and maize germ meal (Halligan, 1909, Evvard, 1923).
Molasses can be mixed 25 per cent and dried beet pulp 75 per cent (Scott,
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105315, Underorticated cottonsced cake (ground to a meal) is fluffy and
Wil shsorh a large percentage of molasses. Also, the cottonseed cake
correets the low profcin content of the molasses. When finely-pulveri-
aod. Jrind winlericis are used, suitable mixtures containing more than 50
per cent molasses  can be made, even up to 93 per cent m.olas.SeS, wet
basgis cquivaleni. Thoze musg be packaged in laminated, mmsturc-pror.)f,
: o hags. It is fmportang when such a bag is opened that all of its
to he used immediately. Therc are anticaking agents available,
¢s and phosphates, ete, which delay or minimize caking and
ure plek up.

Bagasse, which is available wherever there is cane molasses, is a
netws el absorbent that should be thought of first. Sugarcane bagasse,
remzining after as much as possible of the juice has been pressed out of
the crushed stolks, is extensively used as a fuel at sugar factories. The
smaller, pithy fragments screencd out are called bagasse pulp. This pinth
or pulp, or the entirc dried bagasse, may be used as an absorbent ier
molagses {o facilitate the use of the latter in animal feeds. Although
bazasze pulp is unpalatable, is can be uscd in small amounts without
greaily decreasing the fecd consumntion. The presence of molasses tends
to remedy this dcfect. However, bagasse cannot be considered anything
mere than a very poor quality roughage. Stock have becen maintained in
gocd condition on a mixture of sugar cane bagasse pulp, cane molasses
and soybean oil meal. The dried bagasse and the dried pulp contain
somewhat more fibre than straw from the small grains, but supply about
as much total digestible nutrients as straw. Work (1937) gives the
average T.D.N. content of sifted bagasse as 41.0 per cent. Bagasse pulp
ccrtains no digestible protein.

Chaturvedi (1936) reported on the manufacture of a sun-dried
molasses absorbed on bagasse that had been sieved through a 25 mesh
sereen. A mixture containing approximately 25 per cent dried bagasse
screenings, 25 per cent groundnut cake, and 50 per cent molasses was
prepared. This mixed feed contained 10 to 12 per cent crude protein, 13
tc 16 per cent crude fibre and 42 to 53 per cent. nitrogen—free extract.
This mixture used in working bullock rations gave responses equal to
those obtained with other standard rations used in India at that time
(Schneider, 1937). It was proposed at that time that a bagasse-molasses
mix, “bagomolasses,” be sold to cane suppliers. Later, Ayyar and
"Zubery (1945) proposed an artificially-dried molasses feed composed of
3 parts of dried molasses and 1 part of finely-ground sugar cane bagasse
-pulp that was called “bagomolasses”. When the moisture is removed,
such a mixture leaves a free-flowing dried molasses product (Riggs and
Blankenship, 1955).

In Hawaii, bagasse pulp has been used at 9 to 10 per cent of concen-
‘trate mixtures to permit the absorption of higher levels of molasses.
It is stated that as much as 65 per cent molasses can be incorporated into
-2 mixed feed containing this amount of dried, finely-ground bagasse pulp
.and that such mixed feed is non-sticky and free-flowing (Wayman et al.
1952 ; Wayman and Iwanaga, 1956). Dehydrated and finely-ground
bagasse pith or pulp may nbsorb as much as 90 per cent of its own weight
in molasses. When properly handled, bagasse pulp will absorb far more
molasses than almost any other commonly known feed ingredient (Fair-
‘bank and Tavernetti ; Richardson, 1953 ; Karstens, 1954, Heideman, 1954).
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In a previeus experiment in the Animal Nutrition Section in \Vhlch
finely-graund bagasse pulp was substituted for an equal amount of cotton-
serd hully in sheep rations at the level of 9.5 per cent, the average daily
gaing in body weight averaged less than 6.2 pound per day while identical
‘]?aiimuq in cvery way exeept for this substitution gamgd about 0.33 pound
per day (Animal Nutrition Scheme Rpt,, 1960 ; Ghauri ez a;., 1962). The
rations contsining bagasse pulp significantly depressed the rate of gain
Lelowe  those not  containing it. Hawaii experiments have indicated a
difference hetween fresh bagasse pulp and older, deteriorated pulp. 1t is
S that the puln used in this estperiment was not sufficiently (13"‘1

: e pulp cannot he expected to be more than a poor to fair
differonces in the rates of gain in this lamb fattening

Rice growing and cattle production go well togetker. In some coun-

iries, vice i grown on the same land year after year, but mav bhe

tion with pasture or ferage crops. DMaintaining cattle in

rice arveas utilizes the rice straw, rice stubble, second-growth rice and the
nilling hy-products of rice.

Rice straw is vsuclly considered to be a very coarse, woody and in- -
ferior roughzge. It is somewhat less nutritious than oat straw or barley
straw. Goced rice straw has about 90 per cent of the nutrients contained
in geod grass hays. However, large quantities of rice straw are available
and are fed {o cattle and buffaloes in Pakistan. It is a staple roughage
for cattle in many rice-growing districis. It is low in calcium content
(0.2 per cent) and phosphorus (0.07 per cent). If fed to cattle, its defi-
ciencies must be met by feeding it with other feeds that supplement it.
For instance, it should be fed together with some green forage to supply
the necessary carotene. Rice straw is an economical roughage when
supplemented with small amounts of lucerne hay and minerals (Snell
et al. 1945).

In a previously-published bullock-fattening experiment conducted in
the Animal Nutrition Section, Athar et al. (1962) were unable to dernon-
strate any significant differences in body weight gains or in the amoun
of feed regquired to produce 100 pounds of body weight gain between
rations containing cottonseed hulls or rice straw as the principle rough-
age.

Some persons have recommended washing rice straw, soaking it and
draining off the water, to improve its quality. Also, an alkalj treatment
has been advocated (Kehar, 1953). - '

In East Pakistan, the rice known as Aus is sown in March and April
and harvested in June and July. Summar ricc is known as Boro and
winter rice is called Aman. Aman may be classified into two types
deep water and transplanted rice. Deep water Aman is sown in April
or May and harvested in November. Transplanted Aman is planted as
secedlings in September. It is harvested in November or December.
The straw of deep water Aman is generally coarser than the transplanted
type. As a consequence, its palatability and nutritive value are thought
to be less than that of the transplanted type. Aus rice straw is grecner
at harvest than Aman straw. Therefore, it is generally thought to be
softer and more nutritious than either Aman or Boro straw, and cattle
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prefer Aus to Aman straw. Research indicates that Aus rice straw has
a greater nutritive value for cattle than Aman straw, the former being
richer in protein and caleium. It has been recommended that it be sup-
plesninted by feeding one-half pound of linseed oil cake per animal daily
(Chztterjee and Hye, 1938).

When rice straw is fed to breading cows plus 3 pounds of a mixture
of rice mill byproducts (rice bran and rice polish) and cottonseed meal,
these supplements reduce death lossey and increase the calf crap.
Feeding these concentrates in winter with rice straw increases the birth
reight about b pounds per calf and produces calves about 18 pounds
heavier at wean'ng. With rice straw alone and pasture, the calves aver-
age 67 per cent of the birth weight of those produced by cows receiving
the concentrates in addition during the winter feeding. Good calves may
be aised by strong cows wintered on rice straw without extra feeding,
but additicnal care should bhe taken for weaker cows and young heifers
that are pregnant during feed shortages and cold weather (Snell et al.
19443.

Rice straw together with molasses can be used as a supplement to
semi-tropical pastures during the dry season when there is limited graz-
ing (Macahilig, 1939).

Rice bren is the pericarp or bran layer of the rice, with only such
quantity of hull fragments as is unavoidable in the regular milling of
rice (Assn. Am. Fecd Control Officials, 1960). It is the principle by pro-
duct of the rice milling industry. Bran represents about 8.5 per cent of
the rough rice, and is a low-priced feed, medium in protein content, high
in fat and high in phosphorus, but low in calcium. Although it contains
less T.D.N. than cerecals, its value rates higher than this when fed in
suitable mixtures (Maynard et al. 1923 ; Kik, 1942).

Rice bran has a higher fat content that wheat bran and the fat is
somewhat oily. It has an oil content of about 14 to 17 pe: cent. Its high
percentage of oil is mainly responsible for rice bran becoming rancid in
hot wegther. There is a tendency for the oil in the bran to undergo rapid
hydrolysis to free fatty acids and glycerol, with resulting rancidity
(Pominski et al. 1954). This makes it unpalatable and its feeding value
deteriorates with age (Texas Agr. Exp. Sta. Bul. 182). If the rice grain
is thoroughly dried before milling, this produces not only better rice but
also better bran. Unless it is thoroughly dried, because of its high fat and
moisture content, it is more likely to become rancid and mouldy and to
cake, especially during hot weather. Thus, unless this feed has a low
moisture content, it is necessary that it be fed only in the fall and winter
immediately after production. Sometimes, to avoid the possibility of
rancidity, part of the oil is removed from rice bran by the use of solvents.
Also, an antioxidant such as calcium carbonate may be added to rice
bran to prevent excessive rancidity developing.

Morrison (1956) gives the digestible protein coptent as 8.4 per cent
and the total digestible nutrients of rice bran as 67.4 per cent, but when
the high-energy fat is solvent-extracted the digestible protein content is
9.7 per cent and the T.D.N. is 55.3 per cen{. The Association of American
Feed Control Officials, Inc. (1960) stipulates that rice bran should have
not less than 12 per cent total crude protein or more than 12 per cent
crude fibre.
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ow grade rice bran may contain a large amount of rice hulls. The
pcx‘c%:?ﬁg% of fiber will indicate the proportion of hulls. Rice bran with
g per cent fiber contains little or no hulls, 10 per cent fiber mdlcatfeS
about 6 per cent hulls and 15 per cent fiber indicates over 20 per cent
hulls. Rice bran has about 88 per cent of the value of maize grain when
fed as the main concentrate source (Robison, 1939 ; Bray, 1943).

It appears that rice bran can more profitably be fed to milking cows
and pouliry than to beel steers (Snell et al. 1945). For milk production
in dairy cows, rice bran is worth, in digestible nutrients, about 5 per cent
mere than wheat bran and from 75 to 80 per cent as much as ground
maize. Fresh rice bran seems to be as palatable as wheat bran and when
it does not make up more than one-third of the concentrate mixture
(Sheets and Semple, 1931). When rice bran is fed together with cotton-
seed meal, somewhat poorer results are obtained with milking cows than
when wheat bran is fed with cottonseed meal. Rice bran is not a good
feed from the standpoint of maintaining body weight when fed with
maize silage. The addition of maize bran to a concentrate mixture of rice
bran and coitonseed meal appears to improve it so that somewhat better
results are obtained with this type of mixture than when wheat bran is
fed. With wheat bran and cottonseed meal, 100 pounds of dry matter
produces 0.5 pound more milk and 0.13 pound less butterfat than does the
same amount of dry matter in the rice bran-cottonseed meal mixture
(Emery and Johnson, 18399). Rice bran may be used in proportiong of 25
to 40 per cent in concentrate mixture for dairy cows without affecting
the palatability of the ration or injuring the health of the animals. There
is little or no effect on the butterfat of the milk. Rice bran, provided it
is fairly pure and not fermented, is an excellent and economical feed for
dairy cows. From 2 to 3.3 pounds per cow daily has no ill effects on the
health of the animals even during the hot season (Bonadonna, 1936 ; ibid.,
1937).

Good gains may be obtained by feeding steers on rations consisting
primarily of .ice byproducts if properly used (Snell et al. 1945). When
fed as the only concentrate other than the protein supplement, rice bran
is not entirely satisfactory for fattening steers, showing a value of only
64 per cent to 68 per cent of the value of maize grain. Steers fed princi-
pally on rice bran sell at a lower price per pound and make the lowest
gains per day. Betler advantage is obtained with a combination of rice
bran with maize or molasses (Snell et gl. 1945). More gain, with less
feed required per 100 pounds of gain was obtained from steers fed a
ration in which rice bran replaced 25 per cc it of the ground shelled
maize, in comparisons with rations containing no rice bran or in which
rice bran replaced 40 per cent or 50 per cent of the maize. When rice
bran was fed in too large amounts, the cattle had a tendency to go “ off
feed ”.. There was no difference in the carcass desirability of the steers .
(Jones et al. 1935).

Combinations of rice products such as rice bran and rice pblish with
molasses have from 80 to 90 per cent of the value of maize grain in
fattening steers. Such cattle finish satisfactorily and show comparatively
little difference in dressing percentage and carcass grades from maize-fed

animals, but the average daily gains of maize-fed anima
(Snell, 1940). 0 ! imals excecd them
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Allhough the response has heen poorer in Some beef cattle experi-
monty in wisich rice bran was fed, in others a decided advantage from
feeding thiz feed hos been observed.  When rice bran was {ed with silage
and colionreed meal, as a fattening ration for 2 year-old steers, gains
were lower than when a ration of cottonseed meal, silage and ground milo
(a sorghui like juar) heads was used. The ration containing the miid
scerned fo be more palatable than  the one containing rice bran {Texas
Agr. Bnp. Sta. Bul. 182). However, in another experiment, rice bran
was worth about 10 per cent more than ground milo heads as a supple-
mong (o osilage and co'tenseed for fattening steers (Sheets and Semple,
18313.

Rive bran may he substituted for part of ground milo and cottonseed
or for part of ground shelled maize in a ration, often giving inereased
gains and greater profits. Gains may be increased and the cost of gains
decreased  when  dehydrated rice bran replaces 25 to 40 per cent of the
concentrates in rations for fattening steers. These results were obtained
in & feeding trials when rice barn was used to replace a part of the
threshed milo, ground threshed kafir (both sorghumg like juar) or ground
shelled maize as the grain portion of cattle fattening rations. Also, cattle
receiving 20 to 25 per cent of rice bran have made distinetly higher gains-
than those receiving maize grain alone. Although rice bran may be
substituled for as much as 50 per cent of the grain in the ration with no
decrease in rate of gain, maximum returns usually may be obtained
from rice bran when it is fed to replace 25 to 30 per cent of the grain
portion of a cattle fattening ration (Craig and Marshall, 1904 : Knox et al.
1933 ; Texas Agr. Exp. Sta. Ann. Rpt. 1934 ; Jones et al. 1935).

Toria oil cake is the residue remaining after pressing the oil out of
winter or Indian rape (Brassica napus var. dichotoma). It is a cheaper
oil cake than cottonseed cake but is somewhat unpalatable to livestock
because of its sharp bitter taste, especially when fed in large quantities.
It is a good source of total digestible nutrients, digestible protein, calcium
and phosphorous. When fed in moderate amounts no harmful cffect is

observed with cattle (Richer, 1934 ; Bunger, 1936 ; Nutr. Abstr. & Revs.,
1936 ; Burkitt, 1951).

In an experiment in the Animal Nutrition Section, Ahmad et al.
(1962) found toria oil cake quite unsatisfactory as the sole prote’'n. sup-
plement in lamb-fattening experiments. Some lambs fed toria oil cake
did not gain any weight at all in 98 days of feeding.

product resulting from subjecting the whole, sound, mature, clean, un-
decorticated cottonseed to pressure for the extraction of the oil, and in-
cludes the entire cottonseed less the oil extracted and the lint removed.
Its protein content is lower and the fiber content higher than in decorti-
cated co*tonseed cake or meal. Undecorticated cottonseed cake has been
used extensively in Pakistan for many years. It was advocated to replace
the feeding of whole cottonseed by Lander in 1929 (Lander and Dhar-
mani  1929). It is stated that the feeding of cottonseed cake actually
became a reality in this area in 1937 (Hussain and Ahmad, 1057).
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Cottonsced cake is one of the best protein supplements for cattle and
sheep according to a number of workers (Kennedy et al. 1910 ; Read et
al. 1928 ; Huffman and Moore, 1929 ; Halverson and Sherwood, 19303
Lander and Dharmani, 1944 Holley et al. 1955). In comparision with
guara (Cyamopsis psoraloides) grain, it requires 4 pounds of undecorti-
cated cottonseed cake for the same efficiency as 2.5 pounds of guara grain
(Hussain and All, 1949). Cottonseed cake is also a good substitute for
gram (Chickpea, Cicer arietinum). For the sake of economy, it is cer-
{ainly desirable usually to fced cottonseed cake instead of gram (Hussain
and Ahmad, 1957).

Experimental Goals, Methods and Animals

The experimental work reported in this paper was for two purposes:

1. To test the resistance of village people to the introduction of a
new idea, i.e., the feeding of molasses andlor bagasse.

9. To experiment openly before them with rations containing molas-
ses and bhagasse and to dernonstrate the use of these feeds.

To help achieve the first purpose, Gujranwala and Wazirabad Tehsils
were surveyed with the object of collecting information regarding live-
stock feeds and feeding practices. A Veterinary Hospital was taken as a
survey unit represenied by at least 6 villages, one in each direction if
possible and not very far off from the hospital. From each village, as
many farmers were questioned as were willing to cooperate. Eighteen
villages and 123 persons from Gujranwala Tehsil and 26 villages and 125
persons from Wazirabad Tehsils were questioned. Following this, the
staffsof V-AID, Agriculture, Animal Husbandry, the Gujranwala Sugar
Mills and US AID put on demonstrations in key villages throughout' the
Gujranwala and Wazirabad Tehsils, the area served by the Sugar Mills,
on the mixing of cattle rations containing sugar cane bagasse, and
molasses. Two bulletin boards at the mill and “wall newspapers” for
use in the villages were prepared. Also, the bulletin, “ Using Molasses
as an Animal Feed” (Schneider, '1959) was written as a source book to
correctly inform mill owners, managers, . Government officials and the
general public on molasses handling, storage, distribution, feeding, etc.
It was hoped that reporters would use this material for short, popular
articles on molasses in the English and Urdu newspapers.

Twelve old bullocks were purchased from Hafizabad and Kamoke
cattle fairs and were brought on foot to the sugar mill, Rahwali, Gujran-
wala. They covered the pearly 30 miles on foot. After their arrival
they were dewormed with two ounces each of hexachlorethane drench.
They were numbered from 1 to 12 and were randomly assigned into four
groups, cach consisting of three replicates on the same ration. They were
weighed weekly till the expiry of the experiment. They were fed for a
preliminary period of 41 days, after which the body weights were taken
as the initial weights. From this date onward, they remained under ex-
perimentation for 133 days.
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Records were kept of the following : ' :
1. Weekly weights,

2. Amounts of feeq given, refused and consumeq daily.

3. Amounts and kind of green feed consumeq daily,
* 4. Health of the animals,

Management and Feeding Practices ;

The bullocks were housed in a cattle shed outsida
Sugar Mills, Rahwalj. The weather was very cold and
very drafty, so the animals were covered during the night with ‘jhools
(blankets) ‘made out of gunny  bags, to protect them from severe cold.
Later in the experiment when the nights became warmer, this wag not
necessary. During the day the animals were taken out of the shed in

the warm sun and cleaned and groomed. Saw dust from a nearby fac.
tory was used for bedding,

the Gujranwala,
the shed was

Twelve cement portable mangers for i
taken to Rahwali from the Animal Nutrition Section, College of Animal
Husbandry, Lahore, A cement platform was made on the Premises for
the hand mixing of rations. Each ration wasg prepared ;100 pounds at g
time. The information gathered in the preliminary . Survey regarding
the common feeds of the area was considered in making up the rations
used in the experiment. Rations believed to be suitable for a sugarcane-
rice growing area were planned. The rice straw was first chopped in"a
chaff cutter, then weighed and mixed with weigheqd quantities of molas-
Ses, rice bran, crushed cottonseed cake ang rapessed (toria) oil cake,
sifted bagasse pulp, ground limestone and pulverized salt, Bagasse pulp

at a level of i1g per cent of the ration

ndividual bullock féeding were

was substituted for the rice straw
to sec if it could be substituted for an equal amount of the rice straw,
thus aiding in the absorption of mol i :
roughage than rice straw, The baga
ment was prepared by passing the finer parts
sieve, The coarser, more fibrous, woody, outer
stalk or bagasse was thus removed ang discarded.

In the judgement of the supervisor ang the cattle attendants, torig
vil cake was believed to be tog unpalatable to be fed at a leve] of 20 or
25 per cent in the rations. Therefore,

even when torig oil cake was
cheaper than cottonseed cake, the latter was used to supply half of the
protein supplement used in the ration. Ground limestone was fed at a
level of 0.6 per cent of the ration, as otherwis

] e the amount of calcium in
Proportion to the phosphorus did not appear to be adequate.

The bullocks were weighed early
ing every week on the Mill’y weighbridge.  Tha four rations and groups
of animals were designated ag A, B, C and D. there

being three bullocks
per.ration.  The four rations are shown in Table I In addition cach
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animal reccived 3 pounds of green feed (berseem) daily., This supplied
their cavotene requirements. Also, weighed picces of rock salt were
placed in the mangers for licking. The bullocks were watered three
time; daily. The assumed nutrient composition of the feed ingredients
and experimenial rations is shown in Table II.

TasLg 1
Bullock Fattening Rations
S
Rations
A B C D
Lbs. Lb. Lb. Lb.
Rice straw} . . . 40 30 25 15 .
Bagasse pulp .. .. ' 10 10
Rice Bran RN . .. 20 20 25 25
Cottonseed cake (undecorticated) . 10 10 125 125
Rapeseed (toria) oil ceke .. . 10 10 ‘125 125
Molasces . . . 20 20 25 25
Ground limestone .. - o 06 06 06 06
Salt e . 02 02 02 02
thal .o 100 -8 100 -8 160 -8 100 -8
TasLe 11
s Assumed Composition of Ingredients and 'Rations
MoDa;'tver II’)rlgt.ein r D.‘% ) Ca% }:%
Ricestraw .. .. . 92" s as ‘19 -07
Bagasse pulp . . . 90-3 41-0
Rice bran .. . . 88-0 8-2 63:0 ‘14 1-36
Undecorticated cottonseed cake . 92:0 18:0 63:8 <18 °52
Rapeseed (toria) oilcake .. . 93'6 26'9 61-3 +93 +95
Molasses .. . . 74°0 60°0 66 08
Rafonst L 876 63 ss7 041 -46d
B . . . 88:51 6-31 55:69 +928 456
c 88:37  7-81 5930 986  -561
D 8712 775 5925 967  -554
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Graphs showing weekly weights of these animals were mamtalned

The design of the experiment was a 2)2 factorial consisting of. a total
of four groups.

Results ar:* Discussion: . B : !

The results of the bullock feeding'are summarized in Table III and
the economic aspects of the experiment can be adjudged from Table IV.

TABLE I
Sunmmary of Weight Gains and Feed Consumption of Buillocks

- Rations . A B C D

Number of bullocks . .. . 3 3 3 3.
Average initialweight .. .. .. 7153 " 7443 6936 410
Avarage final weight ' . 89707 10360 8273 8890
Days on feed w337 1330 13313
Average total gain per bullock w127 2017 1337 148.0
Average daily gain per bullock s oot 291 05 1t
22d required per 1001b. gain . 247287 1240°2 © 21148 2160-4
Avcrage daily feed-per bullock » 226 27-2 21-2 2-4
Rice straw daily w896 8.09 527  3.66
Bagasse pulp daily . .. 2:69 .. 2-44
Cottonsead cake daily » 224 2:69 2-62 3:05
Rapzszad (toria) oil cake daily w . 224 269 . 263 3-05
Molasses daily w .. _4:48 5-38 527 6:10
Limestonédaily ..~ L. - .. D, 013 016 012 044
Sal: daily L L e 04 oS 04 04
) : TABLE wv- " b

Fmanclal Summary ;of the Expenment .

“Rations ) Cost of Ra- *Ave. cost df Ave. ¢ost of Ave. daily Ave, cost
tion per . feedingfor feed per gain per pound

oo o maund of 133 days day o of gain
82-29 Ibs. o -

- Rs.  Rs. Rs. Ib. Rs.
A . .. . 3-84 147:97" 111 091" 1°22
5 - 3-84 . 176:36 . 1:33 . 2:19.. 061
Cc .. o 427 153-91 1-16 1:05 1+18
Do L 4:27 173:95 ° 131 11 117
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Analysis of variance showed statistically significant differences (at
the 5% level) in mean gain in weight. Orthogona] analysis revealed
highly significant greater gain and final weights (at the 5% level):
between the gains of the bullocks on Ration B and those fed the other
rations. Duncan’s multiple range test to compare the means also show-
ed significant differences between Ration B and Rations A, C and D.

The analysis of variance, orthogonol analysis and Duncan’s multiple
range test to compare the means, revealed no statistically significant
differences in the mean feed intake per 100 pounds of body weight gain’
between any of the rations in the experiment,

The statistical comparison of the rations (A and B) containing
20 per cent molasses versus rations (C and D) containing 25 per cent
molasses showed no significant differences in mean gain in weight and
feed intalie per 100 pounds of gain in weight.

Several of these animals were in a very poor state of health when
purchased. Thirty miles walk to Rahwali further told upon their health
rather badly. As a result, a few of them died later due to exhaustion.
These had to be replaced by others during the preliminary period.
Some of them continued in poor health and it was necessary to treat
them for indigestion or to give them a tonic. These animals varied
greatly in thriftness and in initial body weight (from 576 to 799 pounds).
Although it was the intention to fatten decrepit bullocks, some of
these particular animals were more debilitated than was desired.
Thus, there were no significant differences in their body weight gains
that can be attributed to differences inl_ the rations. These facts are
important, however, that such old bullocks, accustomed to eating low-
quality roughage, make essentially as good gains with rations containing
40 per cent roughage as with these containing 25 per cent roughage.
Also, those bullocks in whose rations 10 per cent sifted bagasse was
substituted for an equal amount of rice straw showed no significant
differences in gains. In fact, the ration that might be chosen as the
poorest (being highest in roughage and containing sifted bagasse—a very
poor uality feed) gave the most favourable response because two of
the three animals on this.ration happened to be the most thrifty indi-
viduals in the experiment. It can be concluded that in this experiment
“ individuality ” played a larger part’ than did the kind of ration and
that the differences in the rather diverse rations were not great enough’
to overcome this “ between animal ” variability even when they were
all full fed. - A L ‘ !

Feeding of these products did not_have ‘any untoward effect on the
health of the animals and the farmers of the ilaga (locality) who saw
the animals before and after the experiment were fully convinced that
molasses not only can safely be fed {o any kind of livestock, but also
that it is one of the cheapest substitutes for grains. Feeding it can
result in considerable financial saving. In the vicinities of sugar mills,
molasses can be purchased for one-tenth of the price of maize grain
and other grains or carbohydrate feeds. Consumption of coarse forages
can be increased by mixing molasses with them. Similarly, ‘bagasse,
which is used as a fuel in sugar factories, can be obtained for a very
low price. Quite satisfactory results were obtained with its inclusion
at a 10 per cent level in these rations. This has further reduced the
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cost of fallening these bullocks and the gains obtained were very
economical. In a previous study (Animal Nutrition Scheme Rpt.,
1969 ; Ghauri et al. 1962), bagassec showed a depressing effect on the
gains of sheep when it was added at approximately the same level, thus
indicating that there might be a species difference in the utilization
of this material. It may also be noted that the cost of fattening of these
animals was reduced further by substituting part of the cottonseed

cake with rapeseed (toria) oil cake. Cottonseed meal was the most
expensive ingredient in the ration; all others, including rice straw,

bagassc rice bran, toria cake and molasses, being relatively cheap in
price.

The average initial cost of each bullock was Rs. 60.00, while the
average sale price was Rs. 173.42. Under rural conditions the fattening
of animals may be expected to be cheaper than in big cities where
prices of feedstuffs are relatively high. An example of what is possible
with such an economical fattening ration is that of Bullocks 4 and 8.
These animals weighed 768 and 799 pounds, respectively, in the begin-
ning, and at the end of the experiment weighed 1117 and 1104 pounds,
respectively. In 133 days of feeding they gained 349 and 305 pounds
each, with daily average gains of 2.6 and 2.2 pounds each. They ate
an average of 27 pounds of feed daily (Ration B) at a cost of Rs. 1.32
per day. The sale prices of these two animals were Rs. 265.00 and
Rs. 255.00, respectively. This shows that fattening can pay rich divi-
dends if undertaken properly. After this feeding period, these bullocks
possessed such a strong physique that they might well be used for
ploughing work for another iwo to three years. '

The main object in fattening should be the improvement in the
quality of lean meat and not the storage of thick masses of fat.
During fattening, fat is stored in the lean tissues, chiefly between the
muscle fibres (marbling). This, besides increasing the digestibility and
nutritive value, adds juiciness and flavour to the meat. The meat
from fattened animals usually becomes much more tender. There are
various factors which affect fattening each as age, size and breed of
the animal. Younger animals usually make much more rapid and
economical gains, and require less feed per 100 pounds of gain. Before
undertaking fattening of apimals, one must be very careful regarding
the purchase of animals. Slight slackness or a mistake in the selection
of animals may reduce the chances of profit because of deaths or un-
thriftness. There is an old saying among stockmen, “A better - pur-
chased animal is half sold.”

It was clearly demonstrated that feeds such as molasses, sifted
bagasse pulp, rice straw and rice bran can be used in the fattening of
old bullocks. There are some prejudices abhout all these feeds. Molasses
feeding has been considered to be very harmful to animals. Rice straw
is regarded as a very inferior roughage for animalg and hence is fed
most during winter scarcity. Similarly, rice bran Is thought to be not a
good feed for cattle; it is usually fed only to donkeys.

In the preliminary survey, it was revealed that previously only
3 persons in Gujranwala and 1 in Wazirabad Tehsil had ever fed molasses
or gur to animals. On the whole, reaction toward feeding gur (crude,
village-produced sugar) was more favourable than towards molasses.
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Village men thought that molasses, being a by-product of the sugar
indusiry, might have some chemicals that would be harmiful to :live-
stock. In spite of this prejudice some people from every village ex-
pressed willingness to try it. In one survey sub-committece meeting
with the cily milk producers of Gujranwala, it was discovered that the
cost of the concentrate mixture fed to buffaloes was too high in com-
parison with the sale price of the milk, Certainly molasses can be used
to reduce the cost of the rations that are fed.

Over 100 demonstrations were given in the villages of Wazirabad
and Gujranwala Tehsils. It was adequately demonstrated that village
people would respond to the merchandizing of molasses and would buy
it if it were made available to them. After the bullock feeding trial
and the village demonstrations were completed, many more expressed
interest and the desire to feed molasses. The Government Agricultural
Station at Gujranwala started to use molasses and has been feeding
it to working bullocks ever since that time. Also, this Station cooperat-
ed with the Animal Nutrition Section in an experiment on feeding
molasses to working bullocks (Khan et al. 1961). '

This research was planned not only to conduct an experiment with
bullocks, but also to investigate the causes of the slow acceptance of
molasses as a feed in the villages. It is concluded that the lack of
suitable distribution, advertizing and retailing is the cause. Village
people showed considerable interest in the feeding of molasses. How-
ever, this research did not lead to any plan of retailing the molasses
in the area. Village leaders who took interest to inquire at the Mill
were put off, instructed to return at a later time and told that they
could not purchase less than 100 maunds at one time. Some village
men, influenced by the campaign, still ask the authors, months later, if
some way cannot be devised to supply them with molasses. The fact
that this compaign did not lead to distribution of the molasses in the
villagés was neither the fault of those who conducted this phase of the
investigations nor of the villages. It is not the “backwardness of live-
stock owners ” that prevents the marketing of molasses by the sugar mills
in the small towns and villages of West Pakistan. If suitable distribu-
tion centres were established, advertizing and modern merchandizing
methods followed, and retail outlets arranged, a large part of the
molasses from any one sugar mill could be sold in the nearby arcas
from which it obtains most of its sugar cane. The molasses could be de-
livered back to the villages by the same vehicles as now return empty for
hauling the cane.

It is recognized that molasses may be sold mixed into a formula
mixed feed, but it may also be sold in liquid form if it can be
handled in this way. Cheap plastic containers made in Pakistan can
be used to transport molasses io the village. Anticipating diffculty in
the transportation of molasses at the local village level, research was
done on the use of polycthylene plastic (available in Pakistan) inner
liners for gunny bags or bullock carts. This is a very economical
material ; for instance a plastic liner for a gunny bag will cost less than
the burlap covering. Tests revealed that such containers would with-

103




AGRICULTURE PAKISTAN [Vol. X111, No. 4

stand as much handling abuse as other types of containers which coolies
normally handle (such as oil tins, cement bags, etc.). It was believed
that village people can provide their own molasses containers to carry
molasses {o their homes from a village distribution or sales point.

The same persons who deliver sugar cane to the mill can haul
molasses home in the same vehicles as they brought the sugar cane—as
they do ammonium sulphate fertilizer now. This means if they pur-
chase either liquid molasses or a mixed feed containing molasses, there
would be no problem of payment, if credit were given, because the
amount could be deducted from payment for the sugar cane. In dis-
cussions, village leaders made the point that they would likely buy
liquid molasses at times when they would not buy mixed formula feed.
They could always mix molasses with the feed which they already had
in their home villages. The liquid molasses could be taken by them
and mixed with whatever oil cakes, bran or roughages they might have
in the villages. By adding rnolasses, any village or individual may
extend the local oil cakes by one-third, increasing the available feed
supply by that amount.

Aside from feeding livestock, molasses is used for distilling alcohol,
moulds for casting in foundries, and for tobacco. Also, some of the molas-
ses in Pakistan has been exported to other countries, where it is fed to
livestock. However, thousands of tons of molasses have gone to waste
in Pakistan. The Sugar Commission of Pakistan has recommeiided that
sugar mills manufacture power alcohol from molasses (Pakistan Times,
1960). However, sugar mills often must transfer the molasses to their
alcohol distilling units at a book value of Rs. 0.50 or less per maund
of 82 pounds so as not to show a loss on the distilling process. Molasses
may be assumed to have a feed value for livestock of 60 per cent to
100 per cent of that of cereal grains. Thus, if an average price of
Rs. 12.00 is taken for cereal grains, the feeding value of molasses for
feeding livestock should be assumed at not less than Rs. 7.00 per maund.
This would give adequate margin to sell molasses for much less -than
its true feeding value and provide for advertizing, distributing, and
retailing molasses in thousands of villages.

Summary and Conclusions: ;

A 2 X2 factorial experiment was conducted fattening 12 old bullocks
to compare various percentages of ‘ice straw and bagasse pulp, molasses,
rice bran and cotton seced cake and rapeseed (toria) oil cake. There
are no statistically significant differences among the rations. More
favourable responses in one group are largly due to differences in indivi-
duality in the animals. Bagasse pulp proved to be a fair roughage at a
10 per cent level of the ration. The fattening of old bullocks is feasible
and economical under rural conditions. Molasses can be used as a subs-
titute for grains at 20 to 25 per cent of the ration. The cost of production
can be reduced by the utilization of industria] byproducts such as molas-
ses and bagasse.

The survey and demonstration in the villages conducted as part of
this research program give assurance that village livestock owners
would feed molasses to th.oir animals if efforts were made to “sell”
thc;m on the idea and make molasses available to them at a reasonable
price.
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Bagasse Disease of the Lungs'

DAVID V. LEMONE, M.D., WENDELL G. SCOTT, M.D., SHERWOOD MOORE, M.D.,
and CAPT. A, LINK KOVEN, U.S.P.H.S.

AcAssE is the name given to sugar cane
B after it has been crushed and the juice
has been extracted. The term was origi-
nally used in Provence, France, to refer to
the refuse from the olive-oil mills. Ba-
gasse discase of the lungs, or bagassosis, is
a pulmonary disorder brought about by
the inhalation of dried bagasse dust. It is

O
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bagasse are tough and possess insulating
propertics, which explains its use in the
manufacture of acoustical and thermal in-
sulating building boards and materials.
More recently it has been used in the pro-
duction of refractory brick.

Two factors are largely responsible for
the lack of widespread information about

Fig. 1. A. The bagasse is shipped from Louisiana in tightly compressed bales. The first stage in processing

it consists of breaking up the bales and grinding up the bagasse into small fibers or fine powder.

This process is

extremcly dusty and is a serious industrial hazard unless special precautions against the dust are taken or the bales

are broken up under water.

The photograph is of a bale of “dehydrated”” bagasse, which is much less dusty and which is said to be less haz-

ardous in hasdling.

B. Three different forms of bagasse: 1. Bagasse as it appears when broken free from the bale.
it is a mixture of large fibers and very fink dust particles. 2.

Notice that
A collection of bagasse dust which was removed

from the rafters and beams in the grinding room. This dust is a very light fine brown powder. 3. Dehydrated’
bagasse has most of the fine particles of dust and dirt removed, leaving chiefly the larger fragments of cane.

a rare disease, with only some 30 to 40 cases
reported in the medical literature, having:
been first described in 1941 by Jamison and
Hopkins (8), of New Orleans.

So far as is known today, the disease
occurs only in people who have been ex-
posed to the inhalation of ‘dried bagasse
dust. Industrial engineers have heen
aware that exposure to the dust was an in-
dustrial hazard, but very few physicians
are cognizant of this fact. The fibers of

bagassosis. In the first place, most of the
reported cases ~occurred in men who
handled bagasse derived from sugar cane
grown in Louisiana, and the disease has
been localized to certain communities. In
the second place, men handling or cutting
the finished products have not developed
the disease because the heat and manu-
facturing processes destroy .the fungi and
bacteria as well as possible allergic protein,
and the dust hazard in the modern fac-

i From the Mallinckrodt Iastitute of Radiology, Washington University School of Medicine, Saint Louis, Mo.,
and the Denartment of Radinlnoy Miccansi Tiaivareite Qabanl A6 A3 - Matert se WAL . ;

Radiology 491556-567. 1947
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TaBLE I: CoMPosITION OF TISSUES OF SUGAR CANE*

Constitucent P:-Eh’ Bur(l‘(jlc.\, R:!E(l
e i€ SO
Ash L.48 3.58 1.64
Fat and wax 0.41 0.72 0.98
Protein 1.94 2.00 2,19
Pentosans 32 (4 28.67 26,93
Cellulose 49 .00 S0.00 51,09
Lignin 14 93 15.03 1717

* From Browne, C. A.: Chemical Compusiliun:f
Bagasse Dust. J. Am. Chem. Soc. 26:.1221-1233,
1904,

tories has been largely eliminated. These
conditions have restricted bagassosis to the
communities which grow sugar cane and
process it into sugar, such as Louisiana, or

to the cities where the bagasse is manu--

factured into building board, as in England,
or where it is used in making refractory
brick, as in Missouri. Bagassosis also oc-
curs in men employed in the Cuban sugar
industry, where much dust is produced in
handling sugar cane at the time it is cut.
According to Manas (10) the Cuban disease
is identical with that induced by the ba-
gasse dust derived from Louisiana cane.
In the Hawaiian Islands, bagasse is used for
fuel, in a safe manner apparently, for we
were unable to find reports of cases ob-
served there.

Bagasse dust (Fig. 1) consists for the
most part of pith particles with Some
bundle and rind fibers. The chemical
analysis of samples of bagasse varies
slightly depending upon the virility and
agronomic factors, such as the soil, fertili-
zer, ete.  Hunter and Perry (6) state that
hagasse yields from 3 to 4 per cent ash and
that 50 per cent of the ash is amorphous
sihca. Also that microscopic and x-ray
dif:raction analysis of the ash yields 3 to 4
bur cent silica. This is an insignificant
amount, and even if the ash were 100 per
cent silica, it would still be regarded as a
nuisance dust. Hence,. it is improbable
that the minute quantity of silica is an
ctiologic factor in the development of ha
gassosis,

Table I gives the approximate chemical
Composition of the tissucs of Louisiana
purple cane on the basis of the percentage
of dry matter; Table 11 gives the approxi-

! -

mate chemical composition of bagasse ob-
tained from Louisiana purple cane.

SYMPTOMS AND CLINICAL COURSE

The symptoms and clinical course of
bagassosis are variable and depend largely
on the length of exposure and the density
of the inhaled bagasse dust. A bacterial
and mycotic cxamination of bagasse is

TanLe I1: CoMmpositioN or CANE FiBER (BAGASSE)®

Celldose. oo L 0" ¢
Xylan..... ..o o oo 20 ¢
Araban.. .. ... ... . L 40,
Lignin........ ... .. ... ... .. 15¢,.
Acctic Acid. .. ..., .. 6¢

* From Browne, C. A.:  Chemical Composition of
Bagasse Dust. J. Am. Chem. Soc. 26: 1221-1235,
1004,

difficult because it is a complex organic sub-
stance and has mixed with it dirt and fer-
tilizer, is invaded by, balteria, and is sub-
jected to fermentation processes while the
sugar cane is lying in the open field. At
present, Dr. Morris Moore is undertaking
these studies and has cultured several
different kinds of fungi, as well as different
bacteria, but his results are not yet avail-

able. To give a little idea of this problem,

Hunter and Perry (6) estimated that 1 gm.
of the air-borne bagasse dust contained
240,000,000 fungal spores, and they iso-
lated some twenty different species by cul-
ture methods.

A review of the various case reports
brings out certain characteristic features.
In general, about two months of exposure
to the dust are required before symptoms
appear, although the time has varied from
three weeks to two years (1), The discase
manifests itself as an acnte febrile illuess
with extreme shortness of bhreath, a pet
sistent cough with scanty mucoid sputum,
and a profound weakness. The onset s
insidious and gradual, for these patients
usually do not realize that they are il until
they are seized by o sudden coughing spell
and becotne so dyspneie as to foree them
torest. The dysprea is extreme. The pa-
tient deseribed in Case T reguired oxvgen
for nearly two months.  He was also eva-
notic, but 3 a rule evauosis appears in
only the most severe cases.  The usual ap-
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pearance is that of a patient with a severe
brouchiolitis and prcumont.

Paticnts with long expostires to heavy
concentrations of the dust are eritically ill.
Among the 21 cases colleeted by Hunter
and Perry (6) there were 2 deaths, a mor-
tality rate of S35 per cent, which is sulli-
ciently high to indicate that this is an -
dustrial discase of a serious nature.  On
the other hand, most of the patients with
only moderate or short exposure to the dust
in light concentrations contract a less se-
vere form of the discise, which usually
clears up in two to six months.

PHYSICAL FINDINGS
AND LABORATORY EXAMINATIONS

At the onset the fever may range from
379 to 39° or 40° C. and persist for as long
as two to three months before gradually
subsiding. The pulse rate is correspond-
ingly elevated.  The respiratory rate is
increased, ranging from 20 to 40. The
supraclavicular and infraclavicular arcas on
the anterior chest wall may be retracted on
inspiration.  Percussion of the chest re-
veals a slight decrease in resonance. The
hreath sounds are not decreased, while the
whispered voice may be increased, depend-
ing on whether or not areas of confluent
consolidatiof have developed in the lungs.
More important are the moist arepitant
rales that are heard throughout both lungs.
The cardiovascular svstem is unaffected.
The mucosa of the nasopharvnx is not in-
jeeted. There is no enlargement of the
Ivmph nodes, and the liver and spleen are

“within normal limits.

During the acute phase of the discase n
severe cases, the white blood count may
reach 16,000 to 20,0005 in the moderately
wevere cases it may run around 10,000 to
12,000, As the pulmonary process <lears,
the number of white cells gradually declines
and returns to normal. I the differential
count there is a defnite shift to the left,
with the polvmorphonuclear cells forming
70 1o 90 per cent of the total.  Of special
note is the fact that an cosinophilia is
ustadly present. The average cosinophil
count in the 11 cases reported by Sodeman

«
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and Pullen (14) was 3.5 per cent. In our

Case 1 the cosinophils ranged from 4 to 8

per cent. The red blood cells and hemo-

globin are not affected.  The hlood chemis-

try determinations are within normal limits,

Agglutination tests for coccidioidomyco-ig,

typhoid, cte., were all negative in our

patients.  Repeated attempts at culturing

the sputum for fungi were also negative, as

has been the experience of most other oh-

servers.  Microscopic examination of tiie.
sputum did not reveal any abnormal cclls

or recognizable fungi or spores, but small

highly refractile bodies were repeatedly
secn in the sputum, and these may have

been fragments of bagasse.

Examination of sputum concentrates has
never revealed acid-fast bacilli. Injections
of the sputum into guinea-pigs failed to
produce evidence of tuberculosis. Urin-
alyses were always megative. The scdi-
mentation rate was definitely elevated in
Case II, a finding which has been reported
by others.

RADIOGRAPHIC APPEARANCE

Radiographic findings in bagasse disease
of the lungs are largely dependent on the
duration of exposure to and the concentra-
tion of the bagasse dust. In patients who
receive a prolonged exposure to heavy
concentrations of the dust an extensive fine
punctate infiltration develops throughout
both lungs. In our series the most exten-
sive pulmonary infiltration occurred in
Case II. The punctate type of infiltration
tends toward a nodular appearance as the
discase begins to clear up. In the begin-
ning. the infiltration is so dense that areas
of consolidation develop, usually about the
hilum and ‘or in the adjacent portions of the
lungs. The infiltration pattern is not suffi-
ciently characteristic to enable one to make
a diagnosis of bagassosis by merely exumin-
ing the film.  In this disease one must fol-
low the old dictum: “There can be no
radiographic diagnosis of bagasse dixc.se of
the lungs without a history of exposure to
bagasse dust.”

The onc remarkable radiographic feature
of this discase is that the process of pul-
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monary iufiltration. as observed on the
roetitgoilogrant, is a reversible one. This
characteristic distinguishes hagassosis from
the other pncumoconioscs, in which a per-
mati it tibrosis of the lung develops. Ap-
proxi -ately two months are required from
the .oe that the discase is at its height and
exhiints the largest amount of infiltration
it the lungs before appreciable resolution
e be detected o the roentgenogram.
By three months only minimal changes re-
main, and in five to six months the lung
ficlds appear normal roenteenographically.
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pathologic reports of  the lung  biopsices
(Fig: 2y, which demonstrate coliular debris
in the wveoli and in the bronehioles, and
agrees to some extent with the chinical im-
pression that these patients have an acute
bronchiolitis and  pneumonia. This pac
tient (Case TH) received an intermittent
expostre 1o bagasse dust for over a vear,
but on removal from contaet with the
dust, his pulmonary symptouis disappeared
and we presume that the findings in the
roentgenogram  did likewise, although a
follow-up film was not made until a vear

Fig. 2. Photomicrographs of biopsy specimens of the lung obtainced by as-
piration through a large needle in the sixth aud seventh week.,  These are the
only pathological sections available for the study of the pulmonary changes in
bagasse disease. - They are reproduccd from Sodeman and Pullen (14), who
describe a filiroblastic reaction of the interstitial tissue with small needle-like

spicules of an irregular forcign materi

al imbedded in the pulmonary tissues.

The spicules aré not numerous. Under the polarizing microscope these spicudes

% otated the plane of light and they appeared similar to particles of bagasse.
These authors point out that the alveolar cells are numerous, very large, and
possess a ‘‘foamy”’ cytoplast and in sonie arcas fill the alveolar spaces.

This period of resolution can be well visual-
Lo by following the serial roentgenograms
in Cases I and 11, as reproduced in Figures
3 ud 4, respectively.

Dutients receiving short or intermittent
exposure to bagasse dust in lighter concen-
trations may develop only a fine granular
tvpe of bronchial infiltration throughout
both lungs, slightly heavier in the arcas
immediately about the hilum or, as in Case
I (Fig. 5), in the lower and medial por
tions of the left lung.  On close examini-
tion, this type of infiltration bears 2 close
rescmblance to the fine lacy network that is
sometimes formed by residual lipiodol in
the alveoli.  This is in conformity with the

later. At that time, the lung ficlds ap-
peared to be within normal liniits.

PATHOLOGY AND ETIOLOGIC FACTORS

Material for pathologic exitination is
litnited, as only two deaths from bagissosts
have been reported. Sodeman atd Pullen
(Lh) were fortunate cuough to obtain see
tions frotn the lung of one patient at au
topsy and from another by lung biopsy
obtained with a 20 gauge needle. P'hoto
micrographs ol the biopsy speeimens are
shown in Fimre 20 They are described
hy these authors as showing a libroblastic
reaction of 1 ¢ interstitial tissue with sl
needle-like soicules of an irregular foreign
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nnitermlb imbacdded in the prilmonany L st
e spnenle - were o et oty and svet
aocd N oo When examined
o the polanzme mneneopee, they 1o
tatod the plane ot the pobarzed hyhl and,
o coprediv appeared annba Lo par-
treles ot Toeieea | he alveolar eells were
Nion e T Lol Were Aery large, 1)()5.\‘(‘55(‘(1
L teanny s tophean, and in some areas
illed the alhveolar spaces, The authors
cmant ol thewe observations by saying
(hat the pulmonany changes appeared to
LOpee il on e {MCTHIOCONTOSTS.

Fhe evact cliology ol bagasse disease is
obectite, but one fact is certaing namely,
that exposure todried bagasse dust can
itiate a pathologic process in the lungs.
e mechanism by which these changes
take place and the reaction induceed by the
bagisse remain unsolved. To date, the
diseuse has not been reproduced in experi-
mental animals.  We have made several
attempts to do this and are now construct-
ing additional cquiprent with which we
hope to be more suceessful.

In their study of this discase, Jamison
and Hopkins (3) were able to grow a fungus
from two sputum cultures on one patient,
but thev did not deseribe its type or
characteristios.  Castleden and Hamilton-
Pater<on « 11, as well as Gillison and Taylor
(41, failed 1o isolate a fungus from the spu-
tum of thedr patients. Others and our-
colves have cultured various fungi from the
sputuim but have considered them to be
contaminants or not assoviated with the
disease.

A pulmonary discase known as maple
bark diseitse i caused by the inhalation of
fungi which grow on dead maple trees that
Lave beeneut forovera vear. The patients
are dyspneic, lose weight, have a produc-
tice couzh with varving aanounts of spu-
tum, aad fevaer ranging to 1037 FL with
nishit sweats amt substernal pain. The
clinical picture and chest roentgenograis
clomely resemble those of bagassosis, but all
efiont= 1o identifty o similar spore in bagasse
dust hove failed to date. T the opinion of
Towey, Swoeany of alo b the reaction to
e spores was due toadocal toxic effect and

November ;1;;7
forcign  body reaction combined with a
delayed effeet resembling protein sensitiza-
{ion in certain clinical and immunological
aspects.  Fawcitt (2) gives a long list oi
pulmonary mycotic infections that appeur
in agricultural workers, such as hay
workers, grain workers, stablemen, cattic-
men, etc. Thus, the possibility that La-
gasse disease may be due to a fungus hus
some precedent in other diseases, but
there is no clear evidence to support this
idea at the present time.

Another possibility is that a bacterium
the bagasse dust may be the inciting fac-
tor, similar to that which appeared in the
stained cotton of the 1940 crop that was
used in the English upholstering and mat-
tress plants where the workers were cx-
posed to high dust concentrations from the
cotton. Schneiter et al. (12) examined
samples of the cotton and found a gram-

negative bacterium which was the etio-

logic factor. This disease, however, re-
quired an exposure to the dust of only one
to six hours and was characterized by a
sudden onset with an acute phase lasting
twentv-four hours, irritation of the naso-
pharynx, cough, chills and fever, with all
the svmptoms disappearing in a few davs.
In this way it is quite distinct from ba-
gassosis, in which no specific bacterium has
vet been isolated. It was further sug-
gested that an endotoxic-like substance
might be produced by the bacterium, and,
that this. when inhaled. was the etiologic
factor.

The first investigators to suspect an al-
lergic reaction as the cause of bagassosis

*were Castleden and  Hamilton-Paterson

(1). They prepared four types of extracts
from hagasse for intracutaneous injcc-
tion. Three patients gave positive reuc-
tions, and a group of controls who did vt
have bagasse disease gave negative res:its
with the saline extract. Tt was concluc. 4
that the acute phase of bagassosis is p -
sibly an allergic response in the lungs
this antigen with, but more probably wit” -
out, an infective element: also that o
pathological process could be: (&) a form
of silicosis which supervenes upon the -
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fergic phase during or after the resolution
of the latter: () a response on the part of
the lung to the crystalline cellulose in the
bagasse; (c¢) a chronic process of fibrotic
nature occurring in tissues which have be-
come edematous from their allergic response
to the antigen.

Sodeman and Pullen (13) repeated the
tests conducted by Castleden and Hamil-
ton-Paterson, using extracts made from
bagassc according to their directions.  In-
gestion of these extracts produced similar
reactions in all patients and controls, and
the investigators concluded that the re-
actions were an irritative phenomenon due
to the release of histamine and did not
necessarily indicate a sensitization to ba-
gasse.

Allergic pulmonary disease is well
known, such as the syndrome described by
Lofler (), the symptoms of which re-
semble those of bagassosis and include
cough, fever, leukocytosis, eosinophilia,
and an elevated sedimentation rate, while
the chest radiographs reveal transient areas
of consolidation that appear and disappear
rapidly. Furthermore, these patients have
attacks of asthma, only a few réles are pres-
ent in the lungs, and the disease clears up
in about a week.

From these studies, the possibility that
bagasse disease may be an allergic pulmo-
nary reaction per se or a contributing factor
cannot be ruled out, but evidence in favor
of this view is not very strong.

Tuberculosis does not need to be con-
sidcred as an etiologic factor in the absence
of tubercle bacilli and negative tuberculin
tests,

In summarizing the etiologic factors of
b assosis, one must conclude that it is an

* aciie bronchiolitis and pneumonia due to
liasse dust. Whether or not the patho-
i reaction is due to fungi, bhacteria, or a
viris associated with the dust, or to an al-
leizie response to the bagasse or its pos-
sible infectious agents or their products, or
to vome chemical or physical property of
the dust, or any combination of the above,
has not been determined and is still open
for investigation.

BacAsSSE DISEASE OF THE LUNGS

il

TREATMENT

In view of the ohscurity of the exact etiol-
ogy of bagassosis, there is no specific treat-
ment.  Most of the patients have been
treated svmptomatically.  There was no
notable response amony those in whom the
“sulfa’ drugs werce tried or in the one case
treated by penicillin, - Oxygen has afforded
some relicf of the dyspnea in the more
serious cases.

CASE REPORTS

Cast: 1 Fie. v RUORLCHFL, a 27-vear-old white,
married, firebrick worker, was trunsferred to this
Tospital by nbulance on May 18, 19460 From 1942
until Aupzust 1915, the patient was in the Army.
He had heen overseas and had served in North
Adrica, Sicilv. and Ttaly.  He was returned to this
country in 1945 and was discharged in August in
vood hiealth,

In January of 1946 he styrted working for a fire-
brick company, His work consisted of breaking up
bales of bagasse that Tud been shipped from Louisi-
ana and shoveling it into a “shredder,” a machine
that breaks up the larger bundles of bagasse and
srinds it inte a line powder. This operation was
condueted in a room with one side open to the out-
¢ide, but it was extremely. dusty even when the
bagasse was dampened with water or mixed with
wet sawdust. The puatient usually wore a inask
which envered his nose and mouth, but at times he
removed the mask aud received numerous exposures
to the dust without any protection. .

About the first of April, after three and a half
months of exposure, a dry, hacking cough developed
and by the middle of April the patient was dyspueic
on even mild exertion. At thuat time he experienced
two chills on successive nights, and on coughing
lie hrought up small to moderate amounts of foul,
black, wutery sputum which, he said, contained
black specks of bagasse. The sputum continued to
be of this tvpe for only a few days and then became
mucopurulent, containing a few specks of blood;
it amounted to approximately one third of a cup
per day. At the sume time the paticnt became very
weak and could hardly get ont of hed. IFever begun
at the time of the chills and persisted througliout
the course ol the illness,

On April 19, the patient entered w local hospital
and an x ray exsmnination was made of his chesy,
revenling an extensive Hilateral in(ltration of both
hings, which was deseribed as o Csnow storm” He
renntined i the hospital about one month, during
which time he reecived penicithitand oxyaen, but he
continued to heeone weaker. The chitls und fever
persisted aud De Tiad profuse night sweats. s
weight deereased Tron 160 ta 130 ponnds On Moy
IS jus, he was trasferred o this hospatal for



rgic phase during or after the resolution
{ the latter; (b) a response on the part of
e lung to the crystalline cellulose in the
agasse; (¢) a chronic process of fibrotic
ature occurring in tissues which have be-
ome edematous from their allergic response
rco the antigen.
| Sodeman and Pullen (13) repeated the
itests conducted by Castleden and Hamil-
ton-Paterson, using extracts made from
bagasse according to their directions. In-
gestion of these extracts produced similar
reactions in all patients and controls, and
the investigators concluded that thc re-

actions were an irritative phenomenon duc

to the release of histamine and did not
necessarily indicate a sensitization to ba-
gasse.

Allergic pulmonary disease is well
known, such as the syndrome described by
Loffler (9), the symptoms of which re-
semble those of bagassosis and include
cough, fever, leukocytosis, eosinophilia,
and an elevated sedimentation rate, while
the chest radiographs reveal transient areas
of consolidation that appear and disappear
rapidly. Furthermore, these patients have
attacks of asthma, only a few rles are pres-
ent in the lungs, and the disease clears up
in about a week.

From these studies, the possibility that
bagasse disease may be an allergic pulmo-
nary reaction per se or a contributing factor
cannot be ruled out, but evidence in favor
of this view is not very strong.

Tuberculosis does not need to be con-
sidcred as an etiologic factor in the absence
of tubercle bacilli and negative tuberculin
tosts,

lu summarizing the etiologic factors of
b assosis, one must conclude that it is an

" acv.e bronchiolitis and pneumonia due to

hinsse dust.  Whether or not the patho-
louic reaction is due to fungi, bacteria, or a
virtis associated with the dust, or to an al-
leie response to the bagasse or its pos-
sible infectious agents or their products, or
19 “ome chemical or physical property of
the dust, or any combination of the above,
his not been determined and is still open
for investigation.
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TREATMENT

In view of the obscurity of the exact etiol-
ogy of bagassosis, there is no specific treat-
ment.  Most of the patients have been
treated symptomatically.  There was no
notable response among those in whom the
“sulfa’ drugs were tried or in the one case
treated by penicillin, - ©Oxygen has afforded
some relief of the dyspnea in the more
SCTIOUS CULsSCs.

CASE REPORTS

Cas [WFig. 3): R R, H., a 27-vear-old white,
married, firehrick worker, was transferred to this
hospital by ambulance on May 18, 1946, From 1942
until Auzust 1915, the patient was in the Army.
He had been dverseas und hud served i North
Africa, Sicily, and Ttaly, e was returned to this
country in 1945 and was discharged in August in
sood health.

In Junuury of 1946 he started working for u fire-
brick company,  His work consisted of breaking up
bules of bagasse that lad been shipped from Louisi-
ana and shoveling it into a “shredder,” a machine
that breaks up the larger bundles of bagasse and
arinds it into a line powder. This operation was
conducted in a room with one side open to the out-
side, but it was extremelyv dusty cven when the
bagasse, wus dampened with water or mixed with
wetl sawdust. The patient usually wore a mask
which covered his nose and nmouth, but at times he
removed the mask and received nuinerous exposures
Lo the dust without any protection. .

About the first of April, after three and a half
months of exposure, a dry., hacking cough developed
and by the middle of April the patient was dvspueic
on even mild exertion. At that time he experienced
two chills on successive nights, and on coughing
he brought up small to moderate amounts of foul,
hlack, watery sputum which, he said, contained
black specks of hagasse. The sputum continued to
he of this type for only a few davs and then became
mucopurulent, containing a few specks of blood;
it amounted to approximately ounc-third of a cup
per day. At the siwne time the patient beeame very
weak and eould hardly get out of hed. Fever hegan
at the time of e ehills and persisted thronghout
the course of the ilhness,

On April 19, the patient eutered a local hospital
and ant x Fray examnation was made of Tis chest,
revenhing an extensive bilaterad intiltration of both

Tnngs, which was deseribed s a suow storm” He
remained i the Tospital about one wonth, during
which time he reccived penicitlin and oxvaen, but he

continted to hecome weaker. The chills wnd fover
persisted and e lad profuse nicht sweats. This
weight deereased Trong 160 to 130 pornds O N
IS 195, he was trunslferred 1o thi~ hospatal Tor




Fig 3. Case 1 Typival course of acute hagasse discase of the lungs, showing the changes that tad
place i the Jung over period of approvimately six months,
A The pre cmplovment film, which was considered to he normal.

1 Film made approvimately one month after the patient became acutely ill following a period -

hree and @ hadf months of exposure to hagasse dust.  Note the symmetrical distribution of the st
prnetate areas of prlmonary cois Jdidation and the peribronchial thickening in both lungs. The greate-
change i~ about the hikoand in the middle thirds of both fungs.  The initial film, wade in April 1946, wa-
not available for reprodaetion, hut appeared approximately the same. The patient was extremely ill and

required continmon. oyvpen therapy. {Legend continued on opposite puge .
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further study. On admission he had a temperature
of 30.3° C., pulse W, respirations 24, and blomd
pressure 11078, He was dyspneie and orthopmeic.
He appeared acutely and chronicaily ill and was re-
ceiving continuous nasal oxvgen. He did not com-
plain of pain.  He was not cyanotic.

Examination of the chest revealed murked re-
traction of the chest wall in the supraclavicular areas
on inspiration.  The percussion note was dull over
the entire thorax. Tactile fremitus was unchanged.
The breath sounds were loud, and many dry and
coarse riles were heard in all urcas.  The whispered
and spoken voice sounds were somewliat diminished.
The heart was within normal limits.  The rhythm
was regular and the sounds were of good quality,
The abdomen was slightly distended: the liver was
slightlv enlarged: the edyge of the spleen could be
felt. No other lindings were obtained on phyvsical
exaniination.

The reports of the blood studies were as follows:
red blood cells 5,000,000;" white cells 18,150,
hemoglobin 13.5 gm.; differential count, basophils
5, eosinophils 8, juveniles 3, stabs 7, segmented
polymorphonuclears 67, lvmphocytes 11.  The
sputum was white, frothy, and mucoid. On micro-
scopic examination it was reported that several re-
fractile bodies were seen, but no one was able to
identify them. Repeated examinations of concen-
trated sputum specimens were all negative for acid-
fast bacilli. Repeated cultures of the sputum were
negative for fungi and contained only those organ-
isms that are usually present. Urinalyses were all
within normal limits. The blood Kahn reaction was
negative. A culture of the blood failed to grow any
organisms. Blood chemistry analysis, including the

- icterus index, was within normal limits.

Skin tests wefe made with 1,000-unit extracts of
several molds, including aspergillus, which gave
immediate negative reactions. A skin test for coc-
cidioidomycosis with 0.1 c.c. of 1:1000 dilution was
negative at both twenty-four and forty-eight hours.
The electrocardiogram was within normal limits,

By the first of June the patient began to feel
better. His temperature dropped to normal. The

Tespiratory rate decreased. A chest film made at

this time revealed the same type of miliary infiltra-
tion throughout both lungs, but to a less extent
‘han the original film made at the time of his ad-
Lission to the first hospital in April. It was neces-
sary to keep him supported with oxygen, as other-

wise he became very dyvspneie and was troubléd by -

w constant congh,  His extreme weakness persisted:
He was treated symptomatically, and penicillin was
continued empirically through June 6, but it is
doubtful if it was effective in the treatment. It was
used because the patient was seriously ill and his
clinicul picture suggested a pieumonia or pulmonary
infection, The white blood count had sow dropped
to about 13,000,

By July 5 the patient was able to get along with-
out oxvgen and to be up in a wheel chair. Only a
few riles persisted throughout the lungs. He was
coughing less and was gaining back his strength,
The vitul capacity was determined at this time and
amounted to 1.8 liters, which was about 42 per cent
of normal.  This increased to 2.0 liters by July 11, at
which time the patient was discharged. He re-
turned to his home and continued to gain strength,
The non-productive cough persisted, and on Oct. 7,
without anv apparent reason, he coughed up about
a cupful of bright red blood. He was sent back to
the hospital on Oct. 27 for a bronchoscopic examina-
tion. This was done by.Dr. A, C. Stutsman, who
was unable to find any bleeding point or source of
the hemorrhage. He mentioned that the bronchi
appeared to be thickened and grayish in color,
with slight injection of the mucosa. A small amount
of seromucoid secretion was present in the main
bronchi. The vital capacity wus retested and had
now increased to 3 liters. The venous pressure was
108 mm. of saline. The circulation time (arm to
tongue) was 13 seconds with decholin.

Case II (Fig. 4): E. L., a 42-vear-old married
colored laborer, had worked for the same ‘brick
company as the man reported in Case I.  His family
history and past history are irrelevant. From
August 1943 to Feb. 29, 1944, e worked in the dry
press department where he was subjected to light
exposure to silicate dust with very minimul free
silica. He was discharged because of absentecism,
On April 4, 1944, he was relured and worked in the
insulation department, where he was exposed to
ground dry bagasse dust until June 2% 19H an
exposure of eleven weeks,  He had no previons s
tory of any respiratory condition ot plentisy and
had never heen sick before this present illness.

In the middle of Mav 191, this aun expenienced
an acute conghing and choking spell i the campan
cafeterin He alsa noticed that he was sontewhat

C. Theheavy areas of consolidation have mndergone partial resolution Note the Hine granuan stidows
that correspond to consolidation in the air sacs of the lungs,  Thie patient was now fecling better, bt i

was necessary to keep him supported with oxygen.

D. This film was made two weeks after discharge from the hospital and shows practically complete

resolution of the miliary consolidution in both lungs.

was still weak and coughing.

The paticnt was now able 1o be ap aud about bt

E. OnOct.7, this patient coughed up a cupful of bright red blooad. A hronchoscopie ¢xamination failed
to reveal the bleeding point or source of the hemorrhage. The bronchial mucosa appearcd to be nonnal
and free of any excessive seeretion, The vital capacity had uu:rcqsvd to 3 lll('l'.\, VENOUS PLessite Wias tOS
mm. of saline, and the circulation time was 15 seconds with decholin. Phe paticut had gained weight and

within a few months was doing light work.

.
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[T N G N Fvpical pplmenary changes in bagasse disease of 1l lungs with ultimate resolution

A The pationn had Been tl for two tmont he prior to taking of this ilm.  Note the bilateral involyve
tent ol ibe hine catestabont the lila. Areas of consolidation are present in the adjacent arcas of the
Ty The chiaacran te loanure s ate the small patehy arcas of consolidation in the smaller divisions ol
the Jodmle .

B bretinite recalution began 1o take place within the nent two wecks, although the paticnt only
Lromght up smallamonnt - o elear, macoid material, He was now beginning 1o feel better but was still
Gurite [ Legemd continued on opposite pugeyd
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i1 of breath anexertion and realized that 1 was
wore dtticutt for i 1o do the manual lubor that
requuned o his job. Shortly thereafter, he con-
ebaprivate phvsician, who had x-ray films made

e cliest. These revealed an extensive miliary

of imtilration throughout both lungs, with areas
onglomeration and consolidation immediately
at the Inla. Fever was noted at this time.
e Tuly 24, 1udt the patient was admitted to a
darmine. Upon admission it was reported that
was dvspneie, with o temperature of 990.2° 7
- L6, and resparations 28,0 He had lost about
pounds i weight., It is interesting that he

aght his illuess had developed gradually over a
—tad of severul months.  He had repeated night
. -ats. He described the onset as characterized
i cough, pain in the chest, and the spitting up of
wane blood, accompanied by chills and fever. with
shortness of breath und a graduully increasing weak-
eSS,

i phasical examination the patient appeared
to be in a fair state of nutrition. The heart was
within normal limits, but the rhythm was irregular.
Blood pressure was 120 %44, Nany fine crepitant
riles were heard over both lhings. The breath
sounds were increased, as was the whispered voice.

Repeated sputum examinations were negative
for acid-fast bacili. The blond Kahn reaction was
negative.  Guinea-pigs were inoculated with the
sputiun on Aug. 10, 1944, and again on Oct. 21,
1944, Both animals were sacrificed, autopsied, and
were negative for tuberculosis.  The sputum was
also culturcd and was negative for fungi. On July
29, 14, the vital capacity had fallen to 2.35 liters.
The sedimentation rate was 22, Urinalysis was
within normal limits,

From the time of hix admission to the hospital
until the middle of August, the patient had a fever
ranging from 945° th 101° F. He was treated ssmpto-
matically and on about the same regime as patients
with tuberculosis in the saniturium.  He gradualiv
improved, the sputum became scant, and there was
a gain in strength and weight, On Feb, 4, 1915, ap-
proximately seven months Iater, lie was able to be
discharged. The infiltration in the lungs, as demon-
strated in the chest films, gradually cleured.

On May 25, 1915, the patient returned for u
checkup. At that time he had no sputam, no cough,
no chills, and no fever.  He had nearly regained his
strength.  He had done no work since leaving the
hospital and had been convalescing at home,  Chest
films at this time revealed only coarse markings,
with little residue of the initial infection.

0

Case IIT (Fig. 3): O. G., a 30-year-old white
marricd laborer presents an interesting case, as le
had only moderate pulmonary involvement as
demonstrated  roentgenographically.  He gave u
history of the usuad childhood infections, as well as
pucumonia. In 1941 he had o duodenal uleer which
continued to cuuse hin trouble intermittent!y to the
tinc of admission.  During the x-ray examination of
the gastro-intestinal truct the chest was observerd
fluoroscopically  and  was reported  as  negative.
Early in 1944 he contracted undulunt fever from
which he recovered uneventfully,

Prior to his employment at the brick company,
the patient worked for a year and a half in a coal
mine. From 1939 to 1943 he was employed by a
firebrick company in a position where he was ex-
posed to moderate dust concentration of silicates.
Late in 1943 he was transferred to another depart-
ment, where he received intermittent exposure to a
fairly heavy concentration of bagasse dust for about
one year. At the end of that time, late 1944, he
suffered from a cough which was non-productive,
complained of slight substernal pain, was dyspneic
on exertion, and felt weak. He continued to work,
and his record shows that throughout his entire
period of employment he never lost a day from sick-
ness. He consulted a physidian on Sept. 18, 1944, at
which time a chest film was made. This physician
reported exaggeration of the hilar markings, with a
diffuse pulmonary fibrosis and a disseminated pul-
monary infiltration throughout both lungs of an un-
usual type. The physician requested a more com-
plete Iistory with reference to dust and respiratory
hazards. The patient was then transferred from the
plant and given a position as a clerk, where he no
longer was exposed to dust. His symptoms con-
tinued, and on Oct. 19, 1944, stereoscopic films were
made of the chest and were interpreted as demon-
strating a pneumoconiosis,

The svmptoms gradually disappeared and the
patient’s strength increased. Another chest film
was made on Sept. 22, 1945, when the radiologist
reported that the punctate infiltration in the lung
tields was much less evident and that the pulmonary
infiltration was of a reversible type, and again re-
quested that a detailed study be made of the dust
exposure to which this man had been subjected.

The subsequent review of the dates of this pa-
tient's exposure to the silicate dust and later to ba-
gasse dust, with the development of his pulmonary
illness und the reversible changes in the lungs, as
demonstrated on the roentgenograms, was the first
suggestion that this was a case of bagasse discase of

C. Small arcas of pulmonary infiltration and peribronchial thickening remain in both lungs despite
marked improvement.  Cough was now non-productive and there was no fever or any other symptom.
D, Approximately cight mouths after the development of the discase, the lung markings are still
coarsc.  The paticut still complained of weakness and shortness of breath but was able to be up and

arond,

Eand F.  About one year after development of the disease the lungs have regained their normal appear-
ance.  The patiemt felt well and was able to go about his routine duties.
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Fig. 5. Casc I1I. Typical case of mild bagasse disease of the lung induced by intermittent exposure to a light
concentration of bagasse dust over a period of one year.

A. After nearly a year of intermittent and light expos
non-productive cough, with weaknress, slight substernal pain, and shortness of breath on exertion. He continued
to work and throughout his entire period of employment never lost a day from sickness. This film was originally
reported as showing cxaggeration of hilar markings, with a diffuse pulmonary fibrosig and a disseminated pul-
monary infiltration of both lungs of an unusual type. The physician (D, L.) requested a full history with reference

to dust exposure and respiratory hazards. The manwast

ure to bagasse dust, this patient began to complain of a

heun transferred to a department free of bagasse dust.

B. Approximatcly one year later, this man was re-examined because of the findings noted above. The radi-
ologist now reported that the punctate infiltration in the lung fields was much less evident and that the pulmonary

infiltration was of the reversible type and, consequently,
This observation was the-stinulus for an intensive chee

the incrimination of bagasse dust.

the lungs. This was the first patient thut had been
recognized as having the disease in this community
and focused our attention on this industrial hazard.
Todav this patient is well and symptom-iree. His
chext filn is wellswithin normal limits,

CONCLUSIONS

1. Inhalation of bagasse dust, derived
from sugar canc after it has been crushed
and the juice extracted, incites a pathologic
process in the lungs which has been termed
“bagasse disease of the lungs,” or “ba-
gassosis.”’

2, Information coucerning bagassosis
should be disseminated because bagasse is
being used more extensively in the manu-
facturc of thermal and noise-insulating
building materials and in the manufacture
of refractory brick. As such, it consti-
tutes a serious industrial hazard unless
properly handled.

3. Pulmonary changes incited by the
inhalation of bagasse dust consist in a dif-
fusc infiltration and consolidation, an acute

was something unusual and not a typical pneumoconiosis,
k-up on the patient's exposure to various dusts and led to

bronchiolitis or pneumonia, that is similar
to that seen in pneumoconiosis but in one
respect is greatly different. It is a rever-
sible reaction, with the process undergoing
resolution and the lung regaining its normal
appearance on the roentgenogram.

1. The exact ctiologic factors in bagasse

disease of the lung are as yet unknown, and
this problem is still open for investigation.
. 5. Three cases of bagassosis are re-
ported, including a discussion of the symp-
toms, physical findings, laboratory reports,
and clinical course.

Wendell G. Scott, M.D.
4952 Maryland Ave.
St. Louis, Mo,
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DISCUSSION
Capt. A. Link Koven, U.S.P.H.S.: As pointed

out, the exact ctivlogy of hagasse diseuse remains
obsceure, At feast, we mayv conclude that bhagasse
mayv enter the alveoli and initiute a fibroblastic
reaction and that by digestion and absorption,
through the activity of cellular response, these
changes are removed and a normal functioning
tuny {clear on x ray cxamination) remains.  In
view of the obscurity of the etiology of bagassosis
and the lack of speeific treatment, chief reliance
at pres<ent is in the provision of a dust-free en-
vironment, introducing either proper cxhaust
ventilation and water spray or a change to a wet
method of collecting and breaking the bales.
Because of the industrial importance, of the
properties of bagasse, its use will extend to other
purposes. 1t can be anticipated that the inci-
dence of bagasse disease of the lung will increase.
The U. S. Public Health Service is interested
in promoting practices that will prevent this
disease and also in determining its exact etiology.
The small number of cases that have been
recognized and described does not necessarily
mean that the number of cases of this disease is
limmited. On the contrary, the comparativelyv re-
cent recognition of this entity and the lack of its
differentiation from several other similar diseases
have minimized its real incidence and significance.
It is of importance that the nature and diagnostic
features of bagassosis be made widely known
among industrial physicians and roentgenologists.
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Uses for Sugar Beet Pulp

Prospects are good for harvesting 25 million tons of sugar
beets from one and one-half million acres in the United States
in 1964. More than onc million tons ol dried beet pulp will
be available for feed or indusirial use. At present, pulp and
molasses-pulp enjoy a ready and profitable market as animal
feed, although this situation has not always prevailed and it
could change at any time. Because a commodity should have
several uses, it seems worthwhile to focus some attention on
possible new industrial uses for this valuable beet by-product.

Four carbohydrates make up about 76% of the dry weight
of beet pulp in essentially the following proportions: galactan,
69,; araban, 209 cellulose, 259; and pectin, 259%,. Protein,
ash, acetyl, and other constituents make up the remainder. Sugar
beet gum (primarily galactan and araban) is water-soluble but
difficult to extract from untreated pulp. Beet :cellulose from
cossettes is composed of relatively short fibers as compared with
wood pulp cellulose. Pectin in beet pulp is water-insoluble,
but can be extracted under mild acidic conditions. This pectin
has poor gelation properties. Beet cellulose and gum are rela-
tively inert chemically but pectin is not. Bect pectin contains
acetyl esters, free and partially neutralized carboxyl groups, and
a general structure that can be degraded under certain conditions.

. Addition of lime to pulp results in several major changes
which vary in character with the temperature of reacticn. \When
lime is added to pulp at about 70°C, esters are hydrolyzed and
the pectin molecule is degraded. Calcium ions react with the
carboxyl groups of the degraded pectin molecules. The net
efiecct is solubilization of the beet gum and destruction of the

pulp structure.

Addition of lime to pulp at 35°C or below results in an
almost instantaneous toughening of tissues because calcium ions
react with free carboxyl groups to cross-link the pectin molecules

into a three-dimensional lattice of giant colecules. Esters are

hydrolyzed, but the rate of degradation of the pectin molecule
is low. After the methyl esters have been substantially removed,
the pectin chain is stable to hot and cold alkali because methyl
ester groups are necessary for alkaline degradation ol pectin.

J. Am. Soc. Sugar Beet Technel. 13(5)1467-468, 1965
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Water soluble gion

Hot lime solution converts beet pulp to a fluid mass which
permits soluble gume 1o pass into solution. The solution can
be carbonated and fittered, and the crude gum isolated by simple
drying. Over 200,000 tons of crude gum is available from pulp,
and an industrial use for it should be found. This process does
not utilize the entive pulp: a residue of spent lime, cellulose,
and degraded pectin remains as waste.

Pressed Board

Preliminary experiments have been conducted on the use
of heet pulp and limed beet pulp as a structural constituent and
bonding agent in pressed boards. Results are promising since |
the bonding action of pulp appears to be good. Much practical
rescarch must be conducted on the properties of beards made
from beet pulp, p;n'ti("ul;n']y with respect to additives such as
fiber and waterproofing agents, before the industrial potential
can be evaluated. :

Thickening agent ‘

Untreated pulp contains pectin in an insoluble form that
cannot be used as a gelation agenf. Alkali-trcated pulp, dried
and finely powdered, may be mixed with sodium ethylene dia-
mine tetraacetate, diammonium phosphate, and water to form
a thixotropic gel having physical properties that may make it
suitable for use in forest five retardants. Tests of this processed
pulp will be conducted in cooperation with agencies having this

primary responsibility.

The possibility of manufacturing a valuable gum material
from pulp is good. However, utilization of pulp directly as an
ingredient for hoard manufacture or as an industrial thickening
agent appears to be better. Further research to investigate in-
dustrial uses should prove rewarding.

R. M. McCready

A. E. Goodban

Woestern Regional Rescarch Laboratory
Agricultural Rescarch Service

U. S. Department of Agriculture
Albany, California 94710
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RELATIVE MILK PRODUCTION VALUE OF BARLEY, DgIED ?mET
PULP, MOLASSES DRIED BEET PULP, AND CONCENTRATED
SPTRFFEN FILTRATE DRIED BEET PULDP!?

MAGNKAR RONNING axp D. L. BATIL
Department of Animal ITusbaudry, University of California, Davis

SUMMARY
Concentrated Steffen filtvate (CSF) is a hy-product of heet sugar manufae-

ture which may he added to heet pulp.

A study was condueted to compare the

feeding value of CSI' dried beet pulp with plain and molasses dried beet pulp.
Each of the three types of beet pulp was fully eyual to harley in the replace-
ment of approximalely 26¢; of the encrgy of a basal ration consisting of 70¢¢

alfalfa hay and 304 barley.

Coneentrated Steffen filtrate (CSF)* is a
by-product of the Steffen proeess for the de-
sugavization of heet molasses. Tt is a concen-
trated solution remaining after the remaval of
sucrose, and contains all of the other extraet-
ablo solids of the sugar heet.

This materinl has been used for sowe time
in a modificd form (eondensed heet solubles
product) as a livestock feed.  Washington

.workers (1) found heet pulp containing a

combination of CSF aud melasses to he equal
to conventional molasses hect pulp as a part of
the concentrate mix for milking eows.

Sinee considerable CSF is produced in heet
growing aveas, there was interest in studying
further its nufritional value for the feeding
of dairy cattle. Of particular interest was the
value of dried Dbeet pulp which containted ap-
proximately 286, CSF solids. Tn addition, it
was desired {o compare this material with plain
and molasses dried beet pulp, and to evaluate
all three heet pulp preparations with vefer-
ence to barley.

EXPERIMENTAL PROCEDURE

The study was made in two feeding trials,
cach with cight first-lactation, grade Holstein
cows allotted to four treatmnents according to
the extra-period, Latin-square, change-over de-
sign proposed by Lucas (8). The animals had

Received for publication April 0, 1962, -

*Supported in part by Amalgamated Sugar
Company, Ogden, Utah; Holly Sugar Corporation,
Colorado Springs, Colorado; Spreckels Sugar Com-
pany, San Francisco, Califurnia; Utuli-Tdaho Su-
gar Company, Sult Lake City, Utah.

* [uformation on GSI* furnished by 8. .. Stovall,
Spreckels Sugar Company.

all ealved within a period of 25 days and were
started on trial at an average of 62 days post-
calving. The trials were of 175 days' duration
with five 28-day periods, each preceded by a
period of seven days to allow cows to adjust to
changes in feeding eginies.

Prior to the trials the cows were all handled
alike and fed salfalfa hay free-choice, with a
high level of ground barley. A rationing plan
was established for each eow for the entire
trial on the hasis of milk produetion predicted
from a ten-day indexing period immediately
preceding the initiation of the trials.

A basal ration eonsisting of 706 alfalfa hay
and 30<% barley was fed at full and at re-
stricted levels of intake, which aceounted for
Treatments 1 and 2 in each of the feeding trials.
The full-fed hasal ration was estimated to meet
the maintenanee and produetion reguirements
of the cows and the restricted hasal was fed to
furnish 7597 of the estimated net cnergy rve-
quirements. With this proportion of alfalfa
hay in the ration, protein intake was adequate,
even at the restrieted level of intake.

The four test feeds were added in tarn to
the restricted hasal ration in amounts estimated
to sapport Jevels of produetion comparable to
that on the full-fed basal ration. In Trial .\
barley and dried beet pulp (BP) were added 10
the restricted hasal in Treatments 3 and 4
respectively; and in Trial B, molasses dried
heet pulp (MBP) and concentrated  Stetfen
filtrate beet pulp (CSTRBI) were involved.

The addition of the fest feeds to the restrivted
basal resulted in rations which contained ap-
proximately 5%, concentrates. In turn, the
inerements of test feeds aceounted tor aboeut

45¢, of the coneentrate portion and abeut

2007, hy weight of the total rations.
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TARLYE )
Composition of dry madter of feeds
Wed (SH1R I DR DN C.In. NFE Ash
e - (se) -

Alfalfa hay J0.9 1.8 7.6 41.9 8.8

rley 112 1.7 6.1 77.8 3.2
DR, 7.9 0.4 22,9 65.2 3.6
MBI 10.3 0.2 174 66.1 6.0
CRena. 0.4 17.7 54.4 2.

4.7

The allalfa hay was all from a single lot of
one eutting from one field. The harley was all
from one large procureent and aversged 47
ih per bushel, but vavied from 0.7 to 501 1
among weights obtained at various times during
the trials, The dried heel pulp preparations
were 2l made from a single bateh of wet pulp.

Weighed amounts of hay  were hand-fed
twice daily after wmilking in individual stan-
ehions, with 2 e heing allowed for eating at
caelt time. The barley and the heet palps were
ted twice daily in the milking, barmm. A repre-
seitative sample of each feed was obfained at
each feeding and ecomposited for weekly dry
matier deferminations and for proximate analy-
ses for each perind. The proximate analyses
of the Teedstuffs are listed in Table 1.

The milk produeed was weighed at each mitk-
g and o representative sample withdeawn and
composited for weekly determination of milk
fat. by the Babeock procedure and of solids-
nul-fat by the Golding head method,

A single saple was obtained at random from
wne day’s production of eaclt cow during each
reriod for deterinination of heat of comhustion
of the milk solids. From these data the re-
sressiony of energy value of milk solids on milk
tat content was determined for use in ealeu-
Bting {hie energy production of the cows on

TADBI

Teed intakes, amount and composition of milk produced and liveweight changes, Trial A

the busis of the week!y wilk analyses. Results
of this procedure were virtually identical with
those obtained using the following predietion
equation devised by Tofgreen and Otagaki
(7): Y =4516 4+ 0.321X, Y heing the com-
bustion value of milk solids expressed as keal
per gram and X heing the milk fat per cent.

The eows were weighed immediately after
milking, before being fed hay or allowed water,
three days in succession each week during the
entive trinl. The average daily liveweight change
of each cow was ecaleulated for each period
from the regression of weight on tine.

RESULTS AND DISCUSSION

The pertinent data regarding feed intake,
milk production, and liveweight changes in
Triuls A and B are summarized in Tahles 2
and 3, respectively.

The vesponse to treatments in the two trials
were camparable, Tn each case daily milk pro-
duction was reduced by 5.0 Ih when the basal
ration was restricted, but there were no sig-
nificant differences among the full-fed rations.
The per cont milk fat was not affected, while
solids-not-ful were deereased significantly on
the restricted basal rations, as would be ex-
pected with the restrieted energy intake.

The loss of weight on restricted basal wus

JE 2

Restricted
basal

Peed intake, dry mutter (pouvnds/day )

Alfalfa hay 158
Rarley 6.8
Beet palp -
Total 22.6
Inereeend.
Milk produetion (poands/day) RIN (h
Butterfat (arg vi) 350"
Solids-not-fal. (ary i) BoALY
Milk energy (weal fday ) 0.5
Liveweight chamge (pounds/day ) —0.84"

P Values with different superseripts ave
‘
-

Restricted  Restricted

Pull hasal + basal

hasal barley + B.P. SY

20,6 15.8 5.8
9.1 12.6 6.8

...... - H.R

297 284 284
7.1 IR 58

37.0° a6.4* 350" 0.405
3.45° 3427 343" 0,064
8.79" 5.807 875" 0.065

11.6 113 nay
010" 002 0,104

0.61"

.&‘.i;.:niﬁr:mt]:\' different,




Sl MAGNAR WONNING

!
i

AND D, 1. BATH

TARLE 3

Feed infakos, amotnt and eompasition of mill produeed and liveweight changes in Trind B

Restricted  Restricted
Restricted Tull basal + baral -
hasal hasal ML, CSTBY SY
Peed intake, dry ndter (pownds/day)
Alfaltu hay 15.0 19.8 15. 15.0
Rarvley 6.5 8.6 6.5 6.5
Molisses heet palp 53 L
C.S. . heet prip L 5.3
Totul 215 284 26.8 26.8 -
Tuerenent 6.9 5.3 5.3
Mill: productinn { pendsdag) 990" 34.0% 34.1° 33.7°
Butterfat (ava e} 342 3.38* 3.29° 3.30"
Solids-not-fat (avy 5o BAT" 8.71* g6’ 8.71*
Mitk crierpy (mealsduy) 0.1 10.7 10.3 10.4
Liveweight change ¢ powids day) —0.78" —0.02" 0.40° 0.30*

2% yalues with different superseripts are significantly different.

comparable in hoth irials, Livewvight gains
on the full ted rations, althongh rather vari-
able, were not siguificantly different from one
another within trials, and averazed (.28 and
0.26 1h per day in Trials A nud B, vespectively.

1t ix quile elear from these duta that the
barley and each of the three types of heet pulp,
when added to the vestricted hasall ration, were
equally cfficient in restoring mitk production
and Yiveweight gains. While ineraments of 5.8
and 5.3 h of dry matler, respectively, in Trials
A and B restored 5.0 1h of milk, the energy
content of the millk in Trial B was shightly
lower. In Trisl A the average difference in
daily wilk energy between the restricted hasal
and full-fed rations was 1.5 meal, which is
cquivaliut to 259 heal per pound of barley
and beet pulp inerement. In Trial B the aver-
age differences hetween the restricted and full-
fed rations was 1.4 meal, or 264 keal per pound
of MBP and CSFBP inerement, which is
essentially of the same magnitude as that ob-
served in the first trial.

These observativns are in agrecment with
other work, both with lactating ecows and Tatten-
ing meat animals, Billings (2) demonstrated
that plain and molasses heet pulps were of
equal value in milk production rations. Other
workers (3, 5) bave shown that hoth types of
beet pulp have been comparable to grains in
wilk production vilue when fed up to 60%
of the coneentrate mixture.

Holden (1) and Maynard and  co-workers
(9) found no effect upon the performsmee of
fattening Tawhs when one-half of the eorn was
replaced with either plain or molasses dried
heet pulp. Singleton et al. (10) Found molasses
heet pulp to he worth 97 to 119, of havley

when fed at varions levels up to 5095 of fatten-
imr rutions for eaitle.

Recently, Lofgreen et al. (6) reported that
for steers CSF heet pulp had a lower nct
energy value than molasses heet pulp buti, in
this case, palatability problems were encoun-
tered. Tn the present study with lactating cows
and lower lovels of feeding CSF dried heet
pulp, there were no problems with palatability.
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~tracted is called bagasse.
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BAGASSE. DISEASE OF THE LUNGS
* Sugar cane from which the juice has been ex-
The product is

. stored in the open for months or years when it
‘is broken, processed and pressed into various

‘shapes for insulating building materials. The
dust of the dried grass is an industrial haz-
.ard. The disease that follows its inhalation
is known under the dubious name of bagasse or

even more improperly, perhaps, as bagassos1sl
or bagasscosis. Sodeman and Pullen state
‘that. “Since the suffix ‘osis’ is properly
added only to words formed from Greek roots

and since we have as yet not been able to -

trace the term ‘bagasse’ to the Greek, we pre-

. fer the simple term ‘bagasse disease of the

lungs.”

Bagasse disease of the lungs is character-
ized by cough, dyspnea and hemoptysis, night
sweats, chills and intermittent fever. Roent-
genologic examination of the chest shows
mottling of both lungs, like that.of miliary
tuberculosis. The disease commences insid-

iously. The pulmonary reactions incited by

'the inhalation of bacasse dust are revers1ble
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and complete resolution may occur. Because
the discase is seldom fatal, only rare oppor-
tunities have thus far been presented to

determine the histologic changes in the lungs.

Investigations of this sort have been limited
to a single necropsy and to the removal of a
few particles of tissue for biopsy, The le-
sions*so far described consist of localized
pneumonic areas composed of foam cells

together with foreign body reactions around
bagasse fibers.

The cause of bagasse disease is still ob-’
scure. Some investigators believe it is
either a fungus or a bacterial infection, the
causative agents being introduced on the sur-
face of the inhaled dust. Others contend that
it is a virus disease and still others that
it is an allergic response to the presence of

bagasse material.

Gerstl, Tager and Marinaro* have approached
the subject experimentally and the results are
suggestive. Suspensions of five lots of bagas-
se were administered intravenously, insuf-’
flated into-the trachea or injected into the
skin of rabbits and guinea pigs. Animals re-
ceiving intravenous injections of bagasse in
suspension rapidly became ill or died. When,
however, the dust was autoclaved similar
amounts of the suspension could be given with-
out apparent ill effects. The lungs and other
viscera of the animals receiving fresh bagasse
suspension showed extensive foci of necrosis
and cellular reactions. In addition, the

presence of mycelia and spores in the damaged
organs served as an indication of the nature
of the infective agent. Animals that received
injections of autoclaved bagasse revealed only-
small granulomas in the lungs of the foreign
body type. These results suggest that bagasse
disease of the lungs is caused by a fungus and
that the dust itself is relatively innocuous.




